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Discriminant analysis, a chemical pattern recognition technique, has been used 
to develop a recognition model for the identification of the traditional Chinese 
medicinal herb, Epimedium. From the HPLC chromatograms of the 70% ethanol 
extracts of 47 samples of the 6 species, which include peaks eluted in the first 45 
minutes, 3 sets of variables reflecting different chemical information of the samples 
were extracted. These 3 sets of variables were (1) the adjusted retention time of the 
dominant peak in each 1 minute-interval, (2) the relative abundance of the dominant 
peak in each 1 minute-interval and (3) the sum of relative abundance of all peaks in 
‘ each 1 minute-interval of the chromatogram. Variables which show greatest differences 
among the species were selected from the whole set of variables for the establishment 
of canonical discriminant fiinctions and classification fimctions, where the canonical 
discriminant functions were used in the separation of species groups and the 
classification functions were used to assign unknown samples into species groups. In 
the present study, the discriminant analysis program in the Statistical Package for 
Social Science (SPSS) computer software was employed for the chemical pattern 
recognition of Epimedium species. 
Using both the adjusted retention time and the relative abundance of the 
dominant peak in each 1 minute-interval showed better predictive power for the 
Epimedium species where 89.4% cross-validation accuracy was obtained. The 
distribution of samples was displayed on plotting the first two canonical discriminant 
functions, where all 6 species were separated with the 5 official species lying on one 
side while the non-official species, Epimedium leptorrhizum, lying on the other side. 
The proposed pattern recognition method is a convenient, objective and fairly 
accurate method for the identification of Epimedium species, which cannot be easily 
Abstract "i 
methods. The proposed pattern recognition method may also be used for the quality 
assessment of the species. 
The icariin contents for the Epimedium species in the 47 samples were 
determined, and large variations were observed. The mean icariin content ofeach species 
was compared by one-way ANOVA' Bonferroni multiple comparison test, and only the 
content of E. pubescens and E. brevicornum were significantly greater than that of E. 
leptorrhizum (p<0.05). Furthermore, because of the large variations of icariin content 
within each species, it is not useful for the assessment of the various Epimedium species. 
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PART 1. INTRODUCTION 
L1 Identification ofTCM 
Traditional Chinese medicines (TCM) are mainly used as medicine, applied 
either orally or externally. Now, it is easy to find TCM in commercial products, such 
as cosmetics, shampoo, and health foods, etc. Due to the increased demands, many 
common and valuable TCM are in short supply, and large quantities of substitutes or 
fake crude drugs have appeared in the market. These products may be in effective or 
even lethal. For this reason, quality control of TCM is very important and necessary. 
Identification of TCM is the only way for TCM quality control to ensure consumer 
safety. TCM goods include animals, herbs and minerals. Among these three kinds of 
TCM, identification ofherbs is the most difficult because under the same genus, herbs 
are further divided into species with variation in chemical constituents and therapeutic 
efficacyi. 
Traditional identification methods of medicinal herbs rely on senses, taxonomy 
and microscopic identification Those methods are accurate but subjective, not 
scientific and experts are required. 
Previously, quality assessment of herb dependent on the content of one ‘active 
component' and the minimum requirement of that component was stated in the 
Chinese Pharmacopoeia. This assessment method is not adequate since it involves 
only one active component, whereas the therapeutic effect of TCM usually depends 
on the combination of several chemical components, not just the active component. 
In order to establish direct relation between the chemical composition ofherb to 
its classification and therapeutic effect, researchers started to use chemical pattem 
recognition methods for the classification, identification and quality assessment of 
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TCM2-ii using their chemical analysis results. This approach has been successfully 
applied to Atractylodes (using HRGC^), Epimedium (using UV-vis spectrometry^ and 
using DNA analysis^), Weilingxian (using GC^), Venenum Bufonis (using HPLC^), 
ginseng (using UV-vis spectrometry, HPLC and ICP^), Sophorae Flavescentis (uisng 
UV-vis spectrometry^), Gentian (using HPLC, and Moutan (using Py - HRGC^®). 
The advantage of using pattem recognition method is that it is not restricted to only 
one kind of chemical component. In this study, chemical pattem recognition is used to 
classify and identify six Epimedium species according to their HPLC chromatograms. 
L2 Chemical Pattern Recognition 
In classification studies, usually a set of characteristics for each sample is used 
for comparison. This set of characteristics may be any chemical measurement, e.g. a 
chromatogram, a spectrum, or the sample appearance. If the sets of characteristics of 
samples are small and an obvious difference between the groups exists, it is possible 
to classify samples by simple matching. However, when the sets of characteristics are 
large and there are similarities between the groups, like plant species under the same 
genus, it is impossible to classify sampl—es by simple matching. To solve this problem, 
chemists started using chemical pattem recognition method to find out the underlying 
sample relationships from the massive data. Chemical pattem recognition is a 
combination of mathematical and statistical methods to extract useful chemical 
information from chemical data, which are then used to build a model for 




The complete set of characteristics of a sample is called a pattem . In this 
study, variables are used instead of characteristics. For example, a peak's retention 
time peak area or peak height in a chromatogram is a variable and the whole 
chromatogram is a pattem. In pattem recognition, each variable is a dimension in 
space^l When there are m variables, then an m-dimensional space is formed. For n 
samples each with m-variables, a point for each sample in the m-dimensional space 
can represent each of them. Pattem recognition method can select m variables from 
the whole set of variables, and the m selected variables are similar within each group 
and different between groups, so that similar samples are close in the m-dimensional 
space but far apart from dissimilar samples^^. 
Basically, pattem recognition techniques can be divided into two groups, 
namely, supervised and unsupervised learning. In supervised learning, prior 
information of sample groupings is known, and the aim of analysis is to find out the 
classification rules and to classify unknown samples into a number of predetermined 
groups. In unsupervised learning, no prior information of sample groupings is given. 
Its aim is to find out the sample relationships and to group them into different 
c l a s s e s ^ 3 ^^ ^his study, discriminant analysis^^ a supervised learning technique, is 
used to establish a recognition model for Epimedium samples with known species and 
for future identification of unknown species with the established classification rules. 
1,3 Discriminant Analysis 
Discriminant analysis is the study of the relationship between a known grouping 
of data and their "discriminating" variables. The variables are selected according to 
their characteristics that differ between the groups. In this study, the 6 Epimedium 
species are the 6 groups in discriminant analysis. The discriminating variables are 
4 
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linearly combined and weighted so that the groups are forced to be as statistically 
distinct as possible^^ The linear combination of variables is called a linear 
discriminant function. The general form of the discriminant function is as follows: 
Di = (di)iv, + (di)2v2 + (di)3v3 + + (di)pVp + constant ( U ) 
where Di is the discriminant function score for the ith function, (di)i is the weighting 
coefficient for variable vi, and vi is the value for variable vi^l 
The number of discriminant functions generated is equal to the number of 
groups minus one (i.e. k-l) or equal to the number of discriminating variables, 
whichever is smaller. When two groups are analyzed, Fisher discriminant function is 
used. While for more than two groups, canonical discriminant function is used 
instead. However, both Fisher and canonical discriminant functions have the form 
described in equation 1.1. Since there are 6 species in this study, canonical 
discriminant functions are used. The first canonical function is the linear combination 
ofthe variables that maximizes the differences between the means ofthe k groups in 
one dimension. The second function represents the maximum dispersion ofthe means 
in a direction perpendicular to the first direction, and the third represents the 
dispersion in a dimension independentof the first two dimensions, and so on^^ 
With discriminant functions used in separation of groups, classification 
functions are used to assign or classify samples into groups. Each defined group has 
its own classification function. The general form of the classification function is as 
follows: 
Ci = (Ci)iVi + (Ci)2V2 + (ci)3v3 + + (ci)pVp + constant ( 1 . 2 ) 
where Ci is the classification function score for the ith function, (Ci)i is the weighting 
coefficient for variable vi, and vi is the value for variable vi". 
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The values of the variables of the unknown sample are substituted into each 
classification function, and then the classification score for the unknown in each 
group is compared. The sample is classified to the group with the highest 
classification score 
The detailed procedure and explanations of discriminant analysis will be 
described in Part 3. 
1,4 Epimedium 
Epimedium, commonly known as 'Yinyanghuo', is a popular traditional Chinese 
herbal drug and folk remedy in Japan. It belongs to the family Berberidaceae and 
genus Epimedium. There are over 40 species found in the world, while 23 species and 
4 varieties can be found in C h i n a " The name of the Epimedium species in China^^ 
are shown in appendix I. Five official species are prescribed in the Chinese 
Pharmacopoeia; they are Epimedium brevicornum Maxim, Epimedium sagittatum 
Maxim, Epimedium koreanum Nakai, Epimedium wushanense and Epimedium 
. 1 g 
pubescens Maxim . 
Drug usage habits vary from place to place in China. Research by Xu^^ showed 
that 10 species and 3 varieties of Epimedium were used as medicine with E. 
brevicornum, E. sagittatum, E. pubescens and E. koreanum being the dominant 
species. 
Only the dried aerial part of Epimedium is used in clinical applications. It is 
used in the treatment of impotence, atrophy and weakness ofthe low back and knee, 
j g 
numbness of limbs, neurasthenia, amnesia and climacteric hypertension . However, 
recent studies showed that functions of Epimedium go far beyond these. 
Pharmacological experiments showed that some Epimedium species may improve 
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immunodeficiency in the 7/8 nephrectomized rats promote phagocytic activity of 
the reticuloendothelial system in micQ^\ possess highly effective anti HSV-II 
a c t i v i t y ^ 2 show antimicrobial action to the microorganisms tested and have been 
tested for anti-HIV activity^^. 
Flavonoid compounds are the major components of Epimedium and other 
• • 25-28 
components include polysaccharides, alkaloids, lignans and volatile oils “ 
Flavonoid compounds and polysaccharides are responsible for Epimedium'^ 
therapeutic functions^^'^^ Icariin, a flavonoid glycoside being the major active 
component of Epimedium, is often used as the standard for quality assessment of 
Epimedium^^'^^'^^'^\ In Chinese Pharmacopoeia, icariin content of Epimedium leaves 
after being dried at 80°C for 4 hours should not be lower than 1.0%^^ Besides icariin, 
over fifty kinds of flavonoid compounds were isolated from different Epimedium 
speciesi7'32"43 Chemical constituents were compared for different Epimedium species, 
and the results showed that the constituents were similar but the total flavonoids were 
different. However, even for the same species, the total flavonoids also varied in 
Epimedium species from different sources28 44. 
Apart from traditional identification, other methods for the identification of 
Epimedium were also reported by Zhou], Nakai et a f . 
L5 High Performance Liquid Chromatography^^ 46 
In this study, High Performance Liquid Chromatography (HPLC) was used for 
the chemical analysis of 6 Epimedium species. HPLC was chosen because chemical 
information obtained was more direct and complete. A detailed chemical analysis 
method can assist chemical pattem recognition for plant species with similar chemical 
constituents. 
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HPLC is widely used for separation, identification, and determination of the 
chemical components in complex mixtures. It composes of two phases, the stationary 
phase and the mobile phase. In HPLC, stationary phase is held in a narrow tube 
called the column, and the mobile phase is forced through the column under pressure. 
Components of a mixture are carried through column by the mobile phase, separation 
being based on differences in interactions of the components with the two phases. If a 
detector that responds to solute concentration is placed at the end of the column and 
its signal is plotted as a function of time, a series of symmetric peaks is obtained. 
This plot is called a chromatogram, which is useful for both qualitative and 
quantitative analysis. The positions of the peaks on the time axis are used to identify 
the components ofthe sample; the peak heights or the peak areas provide quantitative 
information for each component. Position of peak is represented by its retention time. 
Retention time is the time between sample injection and the appearance of the peak at 
the detector, which is specific for each component of sample under the same operating 
conditions. 
Reversed-phase HPLC was used in this study for the chemical analysis of 6 
Epimedium species. In reversed-phase HPLC column, the stationary phase is nonpolar 
which is prepared by bonding hydrocarbon (eg C-8, phenyl, C-18) to the surface of 
silica; and the mobile phase is a relatively polar solvent (eg water, acetonitrile and 
methanol). The advantage of reversed-phase HPLC is that it allows components with 
wide ranges of polarity to be separated while the non-polar components will be 
retained more by the non-polar stationary phase and the polar components will be 
eluted faster. Due to the complex chemical composition of the Epimedium extract, 
reversed-phase HPLC is suitable for separation of the extract. Moreover, UVA^is 
detector was used for detection of peak. 
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1,6 Objectives of This Work 
1. To develop an extraction method for flavonoids of Epimedium, and to develop 
HPLC operating conditions for the analysis of these flavonoids. 
2. To determine the icariin content in the six Epimedium species. 
3. To develop a recognition model for the identification of Epimedium species 
according to their HPLC chromatograms by chemical pattem recognition 
method and to assess the quality of Epimedium species by chemical pattem 
recognition method. 
The chemical analysis of Epimedium will be reported in Part 2 and the chemical 
pattem recognition will be discussed in Part 3. 
0 
Chemical Analysis 
PART 2. CHEMICAL ANALYSIS 
In this section, the development of an extraction method and HPLC operating 
conditions for the analysis of flavonoids of Epimedium will be described and the 
results of analysis discussed. 
2.1 Source of Epimedium Samples 
Forty-seven Epimedium samples from different regions of China were used in 
this study. Their species have been identified by traditional identification methods. 
The designations of sample numbers, species group number, and origins of the 
various samples are listed in Table 2.1. 
2.2 Extraction 
2.2.1 Sample Pre-treatment 
Samples were blended and sieved, and size smaller than 600|im were used. All 
samples were dried at 30°C for 72h. 
2.2.2 Extraction Procedure 
About O.lg of sample was weighed accurately and put into a 150-ml round 
bottomed flask, and 25ml of 70% AR grade ethanol was added to the flask. The 
sample was soaked for lOmin and then refluxed for lh. The mixture was filtered with 
a Whatman GF/C 1.2^im glass fabric filter paper. The filtrate was collected into a 
100-ml separating funnel, followed by the addition of 10ml of AR grade petroleum 
ether and the filtrate and petroleum ether was mixed thoroughly. After two clear 
layers were formed inside the funnel, the green ether layer was discarded. 
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Table 2.1 Origins of the collected samples. 
Species group Sample number Species identified Origin 
no 
1 E. sa^ittatum Maxim Changsha, Hunan 
2 E. sagittatum Maxim Yunnan 
3 E. sa^ittatum Maxim Baotou, Neimenggu 
4 E. sa^ittatum Maxim Guizhou 
5 E. sa0ttatum Maxim Daxian, Sichuan 
6 E. sa^ittatum Maxim Henan 
7 E. sa^ittatum Maxim Baxian, Sichuan 
A 8 E. sagittatum Maxim Unknown 
9 E. sa^ittatum Maxim Wanyuan, Sichuan 
\0 E. sa^ittatum Maxim Xunyang Sichuan 
y^ E. sa^ittatum Maxim Ankang, Shanxi 
\T E. sa^ittatum Maxim Unknown 
i3b E. sa^ittatum Maxim Unknown 
H £. pubescens Maxim Longyan, Sichuang 
15 E. pubescens Maxim Henan 
j^ E. pubescens Maxim Shijiazhuang, Hebei 
B r ^ E. pubescens Maxim Ankang, Shanxi 
]^ E. pubescens Maxim Sichuan 
\9 E. pubescens Maxim Shiguanxian, Shanxi 
20^ E. pubescens Maxim Unknown 
^ E. koreanum Nakai Liaoning 
^ E. koreanum Nakai Haozhou, Anhui 
^ E, koreanum Nakai Tianjin 
^ E. koreanum Nakai Pingliang, Gansu 
^ E. koreanum Nakai Xinxiang, Henan 
C ^ E. koreanum Nakai Jilinshi, Jilin 
^2 E. koreanum Nakai Xinbin, Liaoling 
^ E. koreanum Nakai Haozhou, Anhui 
^ E, koreanum Nakai Liaoning 
^ E, koreanum Nakai Unknown 
31" E. koreanum Nakai Shanghai Medical University 
32^ E. koreanum Nakai Unknown 
^ E. leptorrhizum Steam Manyang, Sichuang 
D M E. leptorrhizum Steam Guiyang, Guizhou 
^ E. leptorrhizum Steam Guizhou 
^ E. leptorrhizum Steam Shanghai 
37 E. wushanese T.S.Ying Yixing, Guizhou 
^ E. wushanese T.S.Ying Guangxi 
E }9 E. wushanese T.S.Ying Weifang, Shandong 
^ E. wushanese T.S.Ying Guizhou 
4]_^  E. wushanese T.S.Ying Unknown 
^2 E. brevicornum Maxim Lanzhou, Gansu 
^ E. brevicornum Maxim Sichuan 
F ^ E. brevicornum Maxim Wuxi, Jiangshu 
^5! E. brevicomum Maxim Shanxi 
^ E. brevicomum Maxim Nanwutai, Shanxi 
47b E. brevicomum Maxim Unknown 
"Samples donated by Dr Shi, Shanghai Medical University 
^Samples donated by Dr Guo, Institute of Medicinal Plant, Chinese Academy of Medical Sciences, 
Beijing 
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Another 5ml of petroleum ether was added and the above procedure was repeated 
until the ether layer became colourless. Then the extract was transferred to a 100-ml 
round bottomed flask. The ethanol extractant was evaporated by a rotatory evaporator 
set at 40°C. After a large portion of the 70% ethanol was removed, the extract was 
transferred to a 10-ml round bottomed flask, and some 70% ethanol was used to rinse 
the flask, and the rinsing was combined with the extract. The ethanol extractant in the 
10-ml round bottomed flask was evaporated by rotatory evaporation at 20°C. The 
residue was then redissolved with about 2ml of HPLC grade methanol, and some 
methanol was used to rinse the flask. The extract and rinsing were transferred to a 5-
ml volumetric flask and made up to the mark with methanol. The extract was filtered 
with a Alltech nylon-6,6 0.2|xm filter. 
2.2.3 Extraction Recovery 
A l.OOmg/ml icariin standard solution was prepared by dissolving 0.0100g of 
icariin in 10.00ml of HPLC grade methanol, and 1.25ml 1.50ml and 1.75ml of the 
icariin standard solution was spiked separately on three 0.1000g portions of sample 
43. The spiked samples as well as 0.1000g of unspiked sample 43 were extracted as 
described in section 2.2.2, and then the concentrations of icariin were determined 
using the procedure described in section 2.3. From the results, the percentage 
recoveries were calculated. 
2,3 Instrumental Analysis 
High Performance Liquid Chromatographic (HPLC) analysis was used in this 
study. The chromatograms obtained were used in quantitative analysis of icariin 
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content in the 6 Epimedium species as well as for the pattem recognition of 
Epimedium species described in Part 3. 
2.3.J Chromatographic Operating Conditions 
A Varian star chromatographic workstation version 4.5 was used for 
instrumental control. An Alltech Alltima-C18 (4.2mm x 25mm 5^m) column was 
used. Nano-pure water and HPLC grade acetonitrile (AcN) were used as the mobile 
phase. The two solvents were degassed with Branson 3200 ultra-sonic cleaner for lh. 
Solvent gradient4749 controlled by Varian 9012 Solvent Delivery System was used. 
Changes of solvent compositions with time were as follows: 
Time toin) Water (%) Acetonitrile (%) 
0 80 20 
10 75 25 
40 52 48 
45 80 20 
The flow rate was kept at 0.8mVmin. Varian 9050 UV7Vis detector set at 270nm was 
used for peak detection. Chromatographic running time was 50 min. 
2.3.2 Preparation of Calibration Graph 
External calibration was used in the quantitative analysis of icariin. A 
0.40mg/ml stock icariin solution was prepared by diluting 0.40ml of the l.OOmg/ml 
standard icariin solution to 1.00ml with HPLC grade methanol, and four more 
calibration solutions were prepared by serial dilution of the stock icariin solution. The 
concentration ofthese solutions were 0.40mg/ml, 0.20mg/ml, O.lOmg/ml, 0.05mg/ml 
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and 0.025mg/ml, respectively, and 20jil of each calibration solution was injected three 
times. 
23J Sample Injection 
A 20 1 sample extract prepared in Section 2.2.2 was injected three times. The 
content of icariin in sample was calculated using the following equation. 
Content (%) = (Conc x F x lO^VW) x 100% 
where Conc was the icariin concentration (mg/ml) in the sample extract, F was the 
fmal volume (ml) of the sample extract and W was the sample weight (g). 
2,4 Results and Discussion 
2.4.1 Linearity of the Calibration Graph 
Since chromatograms of the sample were used for both quantitative study of 
icariin and identification of Epimedium species, it was better not to add other 
chemicals into the extract. Hence, external calibration was chosen. However, if only 
quantitative data is required, it is more precise to use the internal standard method^^. 
Data for the calibration graph are shown in Table 2.2 and a typical graph is 
shown in Figure 2.1. 
The Regression equation of the calibration curve obtained was: 
Y= 1.828xlO^X-7.8xlO^ R^ = 0.9996 
where X = concentration of icariin (mg/ml) and Y = peak area (counts). 
j 
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Table 2.2 Peak area of icariin calibration solutions. 
Concentration of 
icariin solution 0.40 0.20 0.10 0.05 0.025 
(mg/ml) 
Peak area 7049880 3383867 1664193 822308 416275 
(count) 
Figure2.1 CaHhration Qraph ofIcariin 
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2.4,2 Development of Analysis Procedure 
Sample 43 which was obtained with large amounts was chosen for the 
optimization of extraction conditions and recovery test. Statistic Package for Social 
Science (SPSS) version 7.5, one-way ANOVA' Bonferroni multiple comparison 
method was used for any mean comparison at the 0.05 significant level. 
2.4.2.1 Sample Pre-treatment 
Although the samples were dried after collection, the drying methods, storage 
methods and storage periods could make their water contents different. In order to 
standardize their water contents, they were kept at 30°C for 72h. Normally no 
chemical change of the samples will occur at 30°C^ 
2.4.2.2Extractant 
Flavonoids being the main constituents of the aerial part of Epimedium and 
contributing to the therapeutic functions of Epimedium”’: were the compounds of 
interest in this study. The most common solvent in Epimedium studi^3o,3i,47-53 ^^ 7907^  
ethanol, which is the suitable solvent for the extraction of flavonoids54’55 Another 
advantage for using ethanol as the extractant is that it can inhibit bacteria growth, and 
thus prevents the deterioration of the extract. On the other hand, it is a common 
practice to redissolve the extract in methanol^^^^'^\ 
2.4.2.3 Purification of Extract 
While extracting flavonoids, chlorophyll was extracted at the same time by 
ethanol. Chlorophyll in the extract can pollute the column and shorten its life so that 
it is necessary to remove it from the extract. Petroleum ether is a suitable solvent for 
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purification because chlorophyll will dissolve in the ether layer while flavonoids will 
remain in the aqueous layer, following partition of extract with petroleum ether^^ 
Theoretically, flavonoids are insoluble in petroleum ether but a minute amount 
of flavonoids may be dissolved in the ether layer in extensive ether washing. Three 
levels of ether washing were tested to investigate whether flavonoids could be lost 
during washing. Icariin was used as the reference for flavonoids solubility in 
petroleum ether. 
About lg of sample 43 was extracted with 100ml of 70% ethanol. Nine 10-ml 
portions were taken from the extract which were divided into 3 groups and the 
number of petroleum ether washings for each group varied as shown in Table 2.3, 
where 2.5ml ofpetroleum ether was used for each washing. The first 3 portions were 
each washed 3 times. The ethanol layer still had a slight green colour and the ether 
layer was green in the last washing. Another 3 portions were each washed for 5 times 
with petroleum ether. The ethanol layer was bright yellow in colour and the ether 
layer was pale greenish yellow in the last washing. Finally, the last 3 portions were 
each washed for 7 times with petroleum ether. This time, the ethanol layer was bright 
yellow in colour and the ether layer in the last washing was colourless. Then the 
extracts were dried and redissolve in methanol as described in section 2.2.2; and 
analyzed as in section 2.3. 
The chromatograms of the 9 portions of sample 43 were the same and their 
icariin concentrations of them are shown in Table 2.3. There was no significant 
difference (p<0.05) between the means of the 3 groups using the Bonferroni multiple 
comparison tests. Therefore there was no significant lost of icariin after extensive 
ether washing. In order to protect the column, the extract was washed until the ether 
layer was colourless. 
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Table 2.3 Icariin concentration of sample 43 after washed with different volume of 
petroleum ether. 
No of Portion Icariin Mean CV (%) 
ether number concentration concentration 
washing (mg/ml) (mg/ml) 
used^ 
i 0^6 
3 2 ^ 0.59 5.2 
3 0 ^ 
4 ^ 
5 5 ^ 0.59 3.5 
6 0 ^ 
- 0 ^ 
7 8 ^ 0.59 1.9 
9 ^ 
a 2.5ml ofpetroleum ether was used for each washing. 
2.4.2.4 Extraction Time 
Sufficient time must be provided for complete extraction of flavonoids from the 
samples. Starting from 45min with each 15min increment, 5 extraction times were 
compared for complete extraction of icariin. The icariin contents of sample 43 
extracted with different extraction time are shown in Table 2.4. Based on the result of 
the Bonferroni multiple comparison tests, there was no significant difference (p<0.05) 
in the icariin contents extracted after 60min of extraction. Hence, 60min was chosen 
for the subsequent extraction. 
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Table 2.4 Icariin content ofsample 43 extracted with different extraction time. 
Extraction time~~ Icariin content Mean (%) CV (%) 
(min) (%) 
l 5 L ^ 
l 5 TM 1.48 5.8 
~45 L ^ 
~ ^ L ^ 
^ I l 3 1.60 3.8 
~^ T^I 
~5 r ^ 
1 S L55 1.62 4.6 
Ts T7^ 
~% L ^ 
~W L ^ 1.62 1.6 
^ L ^ 
~m r ^ “ 
T ^ VM 1.66 2.1 
1 ^ 5 L ^ 
2.4.2.5 Solvent Gradient 
Guo et a/^ 7-49 j^ as compared 5 solvent systems in the determination offlavonoids 
in Epimedium. Using acetonitrile and 1.44% acetic acid with the gradient described in 
section 2.3.1 gave the best separation and shape of the peaks. However, low pH could 
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shorten the column life. Without adding acetic acid, sample 43 was injected using the 
same gradient satisfactory peak shape and separation could still be obtained. In order 
to extend the column life and guarantee the performance of the column in later 
injection, solvent gradient described by Guo et al without adding acetic acid was used. 
2,4.2.6Detection 
Flavonoids are phenolic compounds with conjugated aromatic systems, and thus 
they show intense absorption bands in the UV and visible regions of the spectrum^^ 
Extract from sample 43 and icariin standard solution were scanned from 200nm to 
700nm by Hitachi U-2000 spectrophotometer. Three absorption peaks were obtained 
at 350nm, 319nm and 270nm for both solutions. The absorbance of the peak at 
270nm was the greatest, so it was chosen to be the detection wavelength. In fact, this 
wavelength was also used in several studies of flavonoids in Epimeciium^i,56-5^ 
2.4.3 Quantitative Analysis 
2.4.3. lExtraction Recovery 
Three known amounts of icariin was added separately to three portions of 
sample 43 followed by the identical extraction and analytical procedure as described 
in section 2.2.2 and section 2.3. The results are shown in Table 2.5, where the mean 
recovery of icariin from three analyses was found to be 101 4.0o/o. 
Table 2.5 Results of recovery tests with icariin 
Test Icariin added Icariin found recovery Mean Recovery 
no (mg) ( n ^ (%) (%) 
1 1.16 1.13 97.4 
2 1.40 1.43 102 101 4.0 
3 1.63 1.71 105 
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2.4.3.2Icariin Content 
The icariin contents varied greatly among samples from the same species, 
especially for species A, the relative standard deviation of mean icariin content of 
species A was over 100% (Table 2.6). However, taking a closer look to the icariin 
contents of samples in each species, they can be divided into several ranges. Firstly, in 
species A icariin contents of samples can be divided into 4 ranges, with 3 samples 
over 1.00%, 1 sample about 0.81%, 4 samples between 0.31% to 0.55% and 5 
samples lower than 0.14%. Secondly, in species B 3 ranges of icariin content were 
found, with 3 samples over 1.00%, 3 samples between 0.56% to 0.77% and 1 sample 
lower than 0.15%. Thirdly, in species C icariin contents of the 12 samples were 
evenly distributed between 0.38% to 0.92% and no apparent range can be defined. 
Similarly, in species D, all samples have icariin contents below 0.05%. Finally, in 
species E 3 ranges were observed, with 2 samples between 0.75% to 0.79%, 1 sample 
about 0.5% and 2 samples between 0.20% to 0.26%. Finally, in species F, 4 samples 
have icariin contents over 1%, 1 sample about 0.78% and 1 sample about 0.38%. 
Referring to Table 2.6, variations of the icariin contents were not likely to be 
dependent on their origins only because even samples of the same species from the 
same origins fell into different ranges of icariin content described above. Icariin 
content variations may also be caused by the time of collection of the plant and part of 
the plant used in analysis. The icariin content was the highest during summer and 
icariin content was the highest in leaves and lowest in root^ '^^ .^ Thus if the plant was 
not collected at summer, or the stems and roots mixed with leaves in the sample the 
icariin content could be lower. Because of the large variations in icariin contents of 
samples within the same species, it is impossible to identify Epimedium species 
according to their icariin contents. 
1 
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Table 2.6 Icariin contents of the six Epimedium species. 
Species Sample Origin® Icariin CV Icariin CV 
no no (province) content of (%) content of (%) 
sample^ (%) species (%) 
1 G 0.13 3.46 
2 “ H 0.55 6.38 — 
1 ~ I 0.07 7.56 
4 J 0.08 - 3.78 
5 K 0.36 7.93 
Species 6 L 0.32 5.45 — 0.5 105 
A 7 “ K 0.35 3.66 “ 
~ 8 ~ K trace^ — N A ^ 
9 K 1.16 — 4.44 
10 “ K “ 1.70 3.80 
11 L 1.18 — 4.90 
12 ~ U trace NA 
13 U 0.81 3.02 ~ ~ 
14 K 0.77 6.56 — 
~IF" L 0.56 6.05 
l 6 — M — 0.76 — 7.55 — 
Species 17 L 1.43 6.41 — 1-2 73 
B 18 “ K “ 2.56 2.76 “ 
~ W L 0.15 8.69 
20 ‘ U 1.96 5.26 
21 N 0.51 3.11 — 
^ 0 0.63 4.36 
^ P 0.39 — 4.29 
24 Q “ 0.92 3.46 
25 L — 0.30 — 6.80 ~ 
Species 26 R “ 0.78 6.00 0.6 35 
C 27 “ N “ 0.93 7.35 “ 
~28 0 0.42 5.19 
~ ^ — N 0.88 1.28 — 
^ 0 “ U 0.77 2.90 
~ 1 S — 0.67 — 3.44 — 
32 “ U — 0.41 8.93 
33 “ K — trace NA 
Species 34 U trace NA trace NA 
D 35 “ J — trace NA 
36 J trace ^ 
37 S “ 0.49 9.87 
38 J — 0.20 — 10.52 — 
Species 39 T 0.79 ~ 8.15 — 0.5 54 
E 40 U 0.26 8.24 — 
41 J 0.75 — 0.79 — 
42 “ U 1.20 4.48 
~43 V — 1.56 6.70 — 
Species 44 K 0.78 2.32 — 1.0 39 
F 45 W 1.16 — 6.33 — 
~46 L ~ 0.38 3.01 — 
I 47 L 1.07 4.50 
a province label: G — Hunan; H - Yunnan; I - Neimenggu; J - Guizhou; K - Sichuan; L — Henan; 
M - Hebei; N - Liaoning; 0 - Anhui; P - Tianjin; Q - Gansu; R - Jilin; S - Shanghai; T - Guangxi; U 
-Shandong; V — Gansu; W - Jiangshu; U - Unknown 
^n = 3 ^ trace - icariin content < 0.05% ^ NA- not applicable 
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Moreover, because ofthe large icariin content variations, comparing the quality 
of Epimedium species based on their icariin contents is unsuitable. This can be shown 
by Bonferroni multiple comparision test of the mean icariin content of each species. 
Although the mean icariin content of the 6 species were apparently different, the 
Bonferroni multiple comparison test showed that actually only species B and F were 
significantly different from species D, while all other species showed no significant 
difference in the mean icariin content at 0.05 significance level. 
2.5 Conclusions 
1. With respect to the icariin concentration, flavonoids in O.lg of Epimedium can 
be completely extracted by refluxing with 25ml of 70% ethanol for 1 hour and 
purified with petroleum ether. 
2. Satisfactory separation and good peak shape were obtained using Alltima C-18 
column, binary solvent gradient (acetonitrile and water) and UV7Vis detection at 
270nm. 
3. The icariin contents varied greatly within each species, and the relative standard 
deviation ofthe mean icariin contents in the six species ranged from 37.29% to 
102.1%, with the exception for species D with icariin content of lower than 
0.05% for all samples. The range of icariin contents of the 6 species were 
<0.05% to 1.182% for E. sagittatum (species A), 0.151% to 2.558% for E. 
pubescens (species B), 0.301% to 0.927% for E. koreanum, all < 0.05% for E. 
leptorrhizum (species D), 0.204% to 0.786% for E. wushanense (species E) and 
0.376% to 1.556% for E. brevicornum (species F). 
4. 10 out of 47 samples meet the minimum icariin content (>1.0%) stated in the 
18 
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5. Because ofthe large variation of icariin contents within the same species, icariin 
content cannot be used for the identification of Epimedium species. 
6. Bonferroni multiple mean comparison tests showed that only icariin content in 
E, pubescens and E. brevicornum were significantly greater than that in E. 
leptorrhizum (p<0.05). Thus icariin content also cannot be used in comparing 
the quality between species. 
^ 
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PART 3. CHEMICAL PATTERN RECOGNITION 
In this study, an attempt was made to use chemical pattem recognition for the 
classification of Epimedium species based on their HPLC chromatograms. The 
pattem recognition technique employed is discriminant analysis, which is a supervised 
leaming technique and has been described in section 3.1. 
3.1 Materials and Methods 
3. L1 Chromatographic Results 
Altogether 47 Epimedium samples belonging to 6 species were under study. The 
chromatograms of these 47 samples are shown in Appendix II. It was found that 
chromatograms are similar within the same species with the exception of species A 
where the chromatograms of the 13 samples are quite different. Differences in 
chromatograms were observed among the different species, however, for species E 
and B, their chromatograms are alike. Hence, it is impossible to identify the 6 species 
by simple matching of their chromatograms, which also tends to be subjective. 
3.1.2 Patterns o/Epimedium Samples 
Based on the 47 chromatograms, a pattem recognition model was built to 
identify the 6 Epimedium species. These chromatograms were the patterns to be 
recognized. As no peak was eluted after 45 min, the chromatograms only included 
peaks eluted in the first 45 min. 
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3.1.3 Computer Program 
Pattem Recognition was done using the Discriminant Analysis program in the 
Statistical Package for the Social Sciences (SPSS) version 7.5. 
3.1.4 Variable Extraction 
3JAJ Variable Extraction Parameters 
Theoretically, the 3 parameters of a chromatogram, namely, the retention time, 
peak area, and peak height of a particular peak can be used as parameters for variable 
extraction. Due to the sensitivity of the peak height to mild changes in sample 
injection technique and operating conditions, and the non-linear relationship between 
peak height and sample concentration, peak height was not used in variable 
extraction46. 
Modifications were made to the remaining 2 parameters. Firstly, to minimize 
shifting in retention time, adjusted retention time was used instead of the original 
retention time, and icariin was used as a reference to calculate the adjusted retention 
time. The retention time of icariin was fixed at 25.000 min; deviation of the retention 
time of icariin in a particular chromatogram was substracted from all the other peaks 
as follows: 
t ' i = t i - ( t i e a - 2 5 . 0 0 0 ) ( 3 . 1 ) 
where, t i is the adjusted retention time of the ith peak, tj is the original retention time 
,'of the ith peak, and tica is the retention time of icariin in a particular chromatogram. 
Secondly, since peak area is concentration dependent, the normalized peak area 
(equation 3.2) was used instead ofthe original peak area. 
A ' i = A i X 1 0 0 / Z A i ( 3 . 2 ) 
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where A,i is the normalized peak area in percent, Aj is the original peak area o f the 
ith peak, and Z Aj is the total peak area for all peaks in a particular chromatogram. 
From equation 3.2, A i is equal to the percentage of the ithpeak in the extract, that is, 
the relative abundance. 
3.1.4.2 Variable Extraction Methods 
The 45 minute-chromatographic pattern was divided into 45 equal intervals with 
each interval covering 1 minute. In each interval 1 feature was extracted. Based on 
the two parameters, the adjusted retention time and the relative abundance, four kinds 
of variables were extracted. 
1) Adjusted retention time of the dominant peak in each lminute-interval. 
2) Relative abundance of the dominant peak in each 1 minute-interval. 
3) Sum ofrelative abundance of peaks in each 1 minute-interval. 
4) Adjusted retention time and relative abundance of the dominant peak in each 1 
minute-interval. 
For the 1st, 2nd and 4th type of variables if more than one peak had the same 
peak area, then the peak with the smaller retention time was used. If no peak eluted in 
the whole interval, 0 was used^ Overall 45 variables were extracted in each of the 
first 3 type of extraction methods, and 90 variables in the 4th method. The 47 
samples and their variables were represented by a matrix^^. 
Xii Xi2 Xim 
2^1 X22 2^m 
X — 
• • • 
n^|Xn2 i^im 
where, Xjj is the jth variable of the ith sample. 
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3.1.4.3 Transformation of Variables 
When screenings of the variables were made, it was found that they followed 
log normal distribution, so logarithmic transformation was performed for all the 
variables6o 
X'ij = log(Xij + l) (3.3) 
where, Xij is the jth variable of the ith sample. 
The values of the transformed variables of the first three extraction methods are 
shown in Appendix III. Since adjusted retention time and relative abundance of the 
dominant peaks in the 4th method were the same as in the 1st and the 2nd methods, 
values of the variables for the 4th method were not shown separately. 
3.1.5 Variable Selection 
Forty-five variables were obtained for each extraction method however not all 
45 variables carried valuable information. Using all variables is time consuming or 
may even worsen the discriminating power of the recognition model. Thus selecting 
variables with high discriminating power from the whole input is important and 
necessary. This procedure is called variable selection or variable reduction. In this 
study, stepwise variable selection utilizing the Mahalonobis distance, D^, as the 
criterion of variable selection was used. Variables that maximized the Mahalonobis 
distance between the two closest groups a and b were selected^^. 
D \ b = ( n - g ) Z E Wkj* (Xak — Xbk)( Xaj — Xbj ) ( 3 . 4 ) 
k=lj=l 
where n is the total number of samples, g is the number of species groups, p is the 
number of variables in the model, Wkj* is the inverse within-groups covariance matrix 
of variables k andj, Xak and Xbk is the mean of the kth variable of species group a and 
Chemical Pattem Recognition 28 
b respectively, and Xaj and Xbj is the mean ofthe jth feature of species group a and b 
respectively, 
3.1.6 Predictive Power of the Recognition Model 
In classical pattem recognition methods, the samples are divided into 2 sets: the 
training set and the testing set. Samples in training set are used to build the 
recognition model and the testing set is used to test the predictive power of the 
modeli3. The predictive power of the model can be evaluated by the correctness in 
the classification of the samples; usually 2 kinds of values are given. The first one is 
the observed accuracy of prediction of samples in the training set. The second one is 
the accuracy of prediction of samples in the testing set. As the discriminant and 
classification functions are developed from those samples in training set, the observed 
accuracy ofprediction is always spuriously high^'. In this study, leave-one-out cross-
validation was used instead of dividing samples into training set and testing set to 
check the actual predictive power of the recognition model. Leave-one-out cross-
validation was obtained by classifying each sample into a species group according to 
the classification functions computed from all samples except the sample being 
classified. This was equivalent to the testing set in classical pattem recognition model 
evaluation. Since the testing sample was not involved in the development of the 
recognition model, the predictive power estimated was unbiased^^. 
3,2 Results 
3.2.1 Accuracy of the Recognition Models 
The predictive power of the recognition models built by different types of 
variables extraction methods are summarized in Table 3.1, where both the accuracy of 
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prediction of samples in the training set and the leave-one-out cross-validation is 
defined below. 
Accuracy of prediction (%) = (no of correctly classified sample / total no of sample) x 
100% 
The classification results in Table 3.1 show that model IV is the best as the 
accuracy ofprediction is 100%. For this reason, the following discussion will focus on 
model IV solely. 
Table 3.1 Classification results for the 4 sets of variables. 
Recognition Variable extraction Observed accuracy of Leave-one-out 
model method used prediction (%) cross-validation (%) 
i Adjusted retention~ 91.5 61.7 
time ofdominant 
\ peak 
II Relative abundance 85.1 72.3 
of dominant peak 
m Sum ofrelative ^ 78.7 
abundance of all 
peaks 
f v Adjusted retention ^ 89.4 
time and relative 
abundance of 
dominant peak \ _ 
3.2.2 Classification Functions 
In discriminant analysis, species group assignment was based on the 
classification function, and each species group has a classification function in the 
form described in section 1.3 (equation 1.2). The classification function score of the 
unknown sample was calculated by substituting the values of the variables into the 
classification function. The unknown sample was predicted to belong to the group 
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where the classification function score was the highest. The classification functions of 
the 6 species group in model IV are shown in Table 3.2. 
Table 3.2 Classification functions of the 6 species groups. 
Selected Species A Species B Species C Species D Species E Species F 
Variables 
"MA9 13461.765~~13445.143~~13397.405~~13561.415~~13356.678 13372.717 






MA34 5040.199 5119.742 5121.992 5029.320 5006.171 4979.950 
MA40 3709.655 3768.730 3698.190~~3711.214~~3651.427~~3647.096 
MA43 6054.256 5980.589 6220.846 6051.973 6038.612 6048.241 
MA44 7259.044 7269.126 7165.815 7298.290 7140.898 7122.003 
TA1 8757.231 8754.821 8662.490 8784.623 8631.744 8675.056 
TA4 ""1272.330 1298.364 1242.603 1266.176 1266.999 1235.665 
TA5 -44155.9 -43251.5~~~.-45145.4 -43937.3 -44283.9 -43384.8 
TA10 -79968.8 -80245.8 -80122.2 -80426.0 -79276.8 -79199.1 
TA17 259614.2~~~261539.9~~259761.4"""^260568.4~~259554.5 257741.5 
TA19 1355384 1346088 1352762 1362082 1351911 1353625 
TA20 182898.5 184014.3 182051.5 183010.1 181928.0 181574.1 
TA25 -5251.559~~-5248.421~~-5263.046~~-5281.632~~-5177.536~~-5183.491 
TA30 241811.6~~245204.0~~243605.1 242401.3 241099.7~~239887.6 
TA45 1042.137 1061.775 1035.908 1047.470 1039.761 1028.432 
Constant -1277733~~-1275051 -1275176~~-1288261 -1271524~~-1269981 
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In Table 3.2, the 1st column are the selected variables, where MAi is the relative 
abundance ofthe dominant peak in the ith interval and TAi was the adjusted retention 
time ofthe dominant peak in the ith interval. The coefficients of the variables for each 
species group classification function are shown in the 2nd to the 7th columns. Down 
the 2nd column is the classification function of species group A, the 3rd column is the 
classification function of species group B, likewise the 4th to the 7th column is the 
classification function ofspecies C, D, E and F, respectively. 
The classification functions enable the sample to be assigned to the species 
group with the maximum score, however, it does not show how certain the sample 
belongs to this species group. Hence, another value, the posteriori probability, has 
been used to indicate how likely the sample belongs to the species group predicted. 
The posteriori probability is calculated by to first compute the Mahalanobis distance 
2 
(D^) to each group mean from the sample, and then compute the ratio of exp(-D ) for 
the predicted group over the sum of exp (-D^) for all the groups^^ 
3.2.3 Casewise Results of Recognition Model IV 
The accuracy of prediction in previous session 3.2.1 gave the percentage of 
overall correctness while the casewise result showed the species group predicted for 
each sample. The observed accuracy of prediction was 100% with all posteriori 
probabilities equal to 1. While in leave-one-out cross-validation, only 89.4% correct 
prediction ofsamples was obtained (Table 3.3). There were 5 out of 47 samples being 
misclassified, and they are sample no 10, 13, 25, 41 and 47. 
V" 
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Table 3.3 Leave-one-out cross-validation casewise results of model IV. 
Sample number Species identified Species predicted Posteriori probabilities 
1 A A i_,m 
2 A A “ 1.000 
3 A A h m 
4 A A “ 1.000 
5 A A 1.000 
6 A A “ 1.000 
7 A A 1.000 — 
8 A A — 1.000 — 
9 A A 1.000 
10 A E 0.608 
11 A A 1.000 — 
12 A A 1.000 
13 A C 1.000 — 
14 — B B 1.000 
15 B B 1.000 — 
16 “ B — B 1.000 
17 B — B 1.000 — 
18 — B ‘ B 1.000 
19 B — B 1.000 — 
20 — B B — 1.000 
21 — C C 1.000 
22 — C C — 1.000 
— 2 3 _ C — C 1.000 
24 — C C 1.000 
25 “ C A 1.000 — 
— 26 C C 1.000 
27 — C C 1.000 
— 2 8 “ C C 1,000 — 
— 29 C C — 1.000 
30 — C C — 1.000 
— 31 C — C 1.000 — 
32 — C C 1.000 
33 — D D 1.000 
34 D D 1.000 
35 — D D 1.000 
36 — D D 1.000 
37 — E E 1.000 
— 3 8 - E E 1.000 — 
39 E “ E — 1.000 
— 40 — E E 1.000 
— 41 — . E F 0.655 
42 F F — 0.920 
— 43 — F — F 1.000 
— 44 — F F — 0.953 
45 F — F 1.000 — 
46 F — F 1.000 
47 F E 0.936 
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3.2.4 Plotting of the Best Two Canonical Discriminant Functions 
The best two canonical discriminant functions are automaticaUy sorted and they 
are plotted in Figure 3.1. Group centroid is the mean canonical fiinction score ofeach 
species group. The centroids of aU species groups are weU separated except for species 
A, C and E, where the centroids are sUghtly clumped together in space. 
Figure 3.1 Plotting ofthe best two canonical discriminant fiinctions. 
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3.3 Discussion 
3.3.1 Meaning of Extracted Variables 
Variables from each extraction method carry different chemical information of 
the samples. In the 1st method, the variable represents the identity of the dominant 
peak in each 1 minute-interval of the sample. In the 2nd method, the extracted variable 
represents the content of the component giving rise to the dominant peak in each 1 
minute-interval. In the 3rd method, the variable represents the total content of 
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all components in each 1 minute-interval. In the 4th method, the information is the 
combination of the 1 st and the 2nd methods. 
3.3.2 Limitations of Variable Extraction Methods 
Variables from all extraction methods are concentration independent. However, 
limitations exist for each method. For the 1st and 2nd methods, only information 
about the dominant peaks was used, and the whole pattem was not fully utilized. 
Although the whole pattem was used in the 3rd method, it was more sensitive to the 
shifting ofthe peak. 
3.3.3 Importance of the Variable Extraction Methods 
The differences in the accuracy of prediction for different kinds of variables 
show that variable extraction is an important step in pattem recognition. The leave-
one-out cross-validation of model I (see Table 3.1) is the poorest. It is because the 
major chemical constituents of different Epimedium species are similar^ '^^ '^^ ,^ and 
hence the dominant peak in each interval is similar and unsuitable to be used alone. 
A better result was obtained by using relative abundance of the dominant peak 
This implies that the 6 species have similar chemical constituents but their contents 
are significantly different^^'^^. Researches on selected flavonoids' contents in 
different Epimedium species also showed that all species had the selected flavonoids 
but the contents were different^^'^^'^^ Nevertheless, the variation in contents of the 
dominant peaks in different species is still not large enough to discriminate between 
them. 
In using the sum ofrelative abundance, nearly 80% of sample could be correctly 
classified in leave-one-out cross-validation. Since the contents of all chemical 
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constituents of the sample were considered, the minor components also contributed to 
the recognition model establishment. It is speculated that these minor components 
may be greatly different in different species; thus including them can improve the 
discriminating power of the recognition model. 
3.3.4 Reasons for the Poor Performance in Recognition Models I, IIand III 
Although the results by using one kind of variable were not satisfactory, the 
accuracy prediction of model II and III were over 70%. This relatively poor result 
may be caused by the small sample size, where deviation of individual sample can 
greatly affect the result. As mentioned before, the sum of relative abundance of peaks 
is sensitive to the shifting of peaks. If the sample size is large enough, shifting 
occurring in individual sample can be compensated by other samples of the same 
species. Besides, the contents ofthe components ofherbal drug can be affected by its 
growing environment, the time of collection, and storage period and storage 
methodi'64. Again when the sample size is large enough individual sample deviation 
can be compensated. Therefore with large sample size it is possible to use one kind of 
variable and the sum of relative abundance is suitable. The advantage of using one 
kind ofvariable is that it is more convenient than using a combination oftwo kinds of 
variables as was used in model IV. 
3.3.5 Selected Variables in Model IV 
From the classification functions (Table 3.2), the selected variables may be the 
adjusted retention time (TA) of one dominant peak and the relative abundance (MA) 
ofanother dominant peak. Since discriminant analysisonly selects variables with high 
discriminanting power, those variables which are similar in different species were not 
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selected. This is the case when the dominant peak is the same for most ofthe species 
but with large variations in the relative abundance, and only variable MA is chosen. 
Likewise when the relative abundance of the dominant peak is comparable for most of 
the species but with large differences in the adjusted retention times, only variable TA 
is chosen. Since both kinds of information were used for variable selection in model 
IV, it gave better classification results. 
3.3.6 Misclassified Samples 
In leave-one-out cross-validation, samples no 10 13 25, 41 and 47 were 
misclassified. Table 3.4 is a summary of these 5 misclassified samples. 
Table 3.4 Species groups predicted for the misclassified samples. 
Sample number Actual species group Predicted species group 
l_0 A E 
13 A “ C 
25 C A 
41 E F 
47 F E 
From the best two canonical discriminant functions scatter plotting (Figure 3.1) 
species A and E, C and E, E and F were closer in space. Although the species group 
centroids were well separated, some overlapping of samples might occur. Referring 
to the misclassified samples, the wrongly predicted species group for sample 10 (A 
predicted as E), 41 (E predicted as F) and 47 (F predicted as E) were the species group 
close to its actual species group as mentioned. However, for sample 13 (A predicted 
as C) and 25 (C predicted as A), they were predicted as species group far from their 
actual species group. It is uncertain whether the mfsclassification is caused by the 
wrong identification ofthe actual species by traditional recognition methods or by the 
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change in chemical composition of the sample. Several factors can affect the 
chemical composition of sample: growing environment, time of collection, and 
storage period and storage methods^'^^. 
All of the 5 misclassified samples weighed less than 0.5g or have 1 to 2 leaves 
only. Hence, although in this study O.lg of sample is required, it is better that this be 
taken from a sufficiently large amount of the sample. When too little sample is 
available, the effect of cross contamination by other species becomes significant. For 
example, the sample size of E.sagittatum is large compared with that of the mingled 
pieces of E. koreanum, the chance to pick up E. koreanum in analysis is smaller. On 
the other hand, if the sample size of E. sagittatum is small, the chance to pick up E. 
koreanum in the analysis is large. Then the pattem obtained for the latter case may be 
difficult to classify. It may be classified as either the species in equal chance or it may 
even be classified as E, koreanum. Further, the effect of any deterioration in a small 
portion of sample becomes more significant when the sample size is small. 
Nevertheless, it is not advisable to remove the misclassified samples too early 
from the recognition model before comparing the results using other pattem 
recognition methods. If the other method(s) also misclassified these samples, then it is 
better to remove those samples from the model. However, it is not necessary to check 
the results with other pattem recognition methods every time. Fang et / used three 
pattem recognition methods, namely, discriminant analysis, PRIMA and SIMCA for 
the classification of Moutan and satisfactory results were obtained for all the three 
methods. Therefore, it is possible to use one pattem recognition method only. 
Checking is recommended when the misclassification reasons for samples are unsure 
and other pattem recognition methods are available. * 
i 
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It is worthy to note that besides the 5 misclassified samples, all the other 
samples were correctly classified into their actual species groups with large posterior 
probabilities. This agrees with Guo et af^ that though the total contents of chemical 
components in extracts are different, individual component's relative abundance is 
similar for samples of the same species indicating that the latter is useful for 
identification in the proposed method. 
3.3,7 Quality Assessment 
As mentioned in section 1.1 the therapeutic effect ofTCM usually depends on 
the combination of several chemical components, using the content of one ‘active 
component' for quality assessment of TCM may not be adequate. Pattem recognition 
was proposed for that purpose, since in pattem recognition more components or all 
components are considered. 
Quality assessment can be done by comparing the sample with the official 
species in Chinese Pharmacopoeia or species with high pharmacological efficacy^'' ^  
The good quality sample will be classified into the official species groups or species 
groups with high pharmacological efficacy. If two-dimensional plotting is available in 
the recognition method, like the canonical function scatter plotting above, the good 
quality sample will be close in space to the official or good quality species, and 
otherwise it will be far away in the space. 
In Chinese Pharmacopoeia, the official species of Epimedium include E. 
sagittatum Maxim (species group A), E. pubescens Maxim (species group B), E, 
koreanum Nakai (species group C), E. wushanense (species group E) and E. 
brevicornum Maxim (species group F). Referring to the scatter plot of the best two 
canonical discriminant functions (Figure 3.1) these five species are at the left side 
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while E. leptorrhizum (D) is at the right side. Guo and He^^ have done a research on 
the quality of 9 Epimedium species; the result showed that the 6 major flavonoid 
contents in E. leptorrhizum were very low. The icariin contents for all samples o£E. 
leptorrhizum as reported in Part 2 were also found to be low (< 0.05%). 
Furthermore, Zhou has used NLM (non-linear mapping) method, an 
unsupervised learning pattem recognition technique, to cluster 6 Epimedium species 
including 5 official species and 1 non-official species, E. actumatum Franch, and 
display their distribution on a two-dimensional space based on their UV spectra. The 
five official species were close together while the E. actumatum Franch was far from 
them in the two-dimensional display by the NLM method. 
These support the conclusion that pattem recognition can be used for quality 
assessment of Epimedium. Though quality assessment is possibly estimated by 
chemical pattem recognition, conjugating with pharmaceutical experiment can greatly 
enhance the credibility ofthe recognition model in quality assessment^ 
3.3.8 Comparison with Another Chemical Pattern Recognition Method for the 
Identification of Epimedium 
Zhou^ has used Bayes formula, a supervised learning pattem recognition 
technique, to develop classification functions for the classification of 6 Epimedium 
species based on their UV spectra, and the recognition results of this recognition 
model are shown in Table 3.5. Samples were divided into a training set (nol - no 35) 
and a testing set (no 36 - no 43). The accuracy of prediction of samples in the 
training set was only 91% and some of the posterior probabilities of the correctly 
recognized species were very low. While in the proposed study, 100% accuracy of 
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prediction of samples in the training set was obtained with all posterior probabilities 
equal to 1.000. 
In Zhou's study, one of the samples in the testing set (no 36) had deteriorated, 
and samples 37 to 40 with known identities were all wrongly classified whereas it is 
difficult to judge the success of identification for samples 41 to 43 as unknown were 
not clear. In the proposed study, the success rate in checking unknown samples as 
indicated by the leave-one-out cross-validation (section 3.2.1) is 89.4%, which can be 
considered good. Hence, based on the accuracy of prediction of the samples in the 
training set and their posterior probabilities and the results for leave-one-out cross-
validation, the recognition model in this study shows better credibility. 
The difference in performance of the two recognition models is most probably 
caused by the different chemical analytical methods employed. In HPLC, the 
components in the extracts are separated and their contents are then detected by the 
UV detector. The minor components can be considered individually. On the other 
hand, using UV/Vis spectrometry the resultant absorbance is the sum of absorbances 
of all components at a particular wavelength and hence information of individual 
components including the minor components have not been utilized. As the chemical 
constituents of Epimedium species are similar, HPLC that gives more detailed 
chemical information about the components of the Epimedium species can better 
assist chemical pattem recognition. 
« 
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Table 3.5 Recognition results of Epimedium species ofZhou^. 
Sample No. Species identified Species recognized Posteriori probabilities 
_j E. koreanum E. koreanum 0-928 
_2 E. koreanum E. koreanum 0.906 
3 E. koreanum E. koreanum 0.868 
_4 R koreanum E. koreanum 0.733 
_5 E. koreanum E. koreanum 0-942 
_6 E, koreanum E. koreanum 0.906 
_7 E, koreanum E. koreanum 0.896 
_8 E. koreanum E. koreanum 0.911 
^ E. koreanum E. koreanum 0.846 
1 0 E. koreanum E. koreanum 0.938 
1 1 E. koreanum E. wushanese 0.810 
1 2 E. acuminatum E. acuminatum 1.000 
1 3 E. acuminatum E. acuminatum 1.000 
1 4 E acuminatum R acuminatum LQQQ 
1 5 E. brevicornum E. brevicornum 0.746 
1 6 E. brevicornum E. brevicornum 0.857 
1 7 E, brevicornum E. brevicornum 0.592 
1 8 E. brevicornum E. brevicornum 0.496 
1 9 E. brevicornum E. brevicornum 0.800 
2 0 E. brevicornum E. wushanese 0.872 
2 1 E, wushanese E. wushanese 0.470 
2 2 E. wushanese E. wushanese 0.715 
2 3 E. wushanese E. wushanese 0.582 
2 4 E. wushanese E. wushanese 0.488 
2 5 E. wushanese E. wushanese 0.581 
2 6 E. wushanese E. wushanese 0.933 
2 7 E. sa^ittatum E. sa^ittatum 1.000 
28 E. sa^ittatum E. sa^ittatum 0.995 
2 9 E. sa^ittatum E. sa^ittatum 0-981 
3 0 R sagittatum E. sagittatum 0.996 
31 E. sa^ittatum E. sa^ittatum 1.000 
3 2 E. sa^ittatum E. sagittatum 1.000 
3 3 E, pubescens R pubescens 0.704 
3 4 E. pubescens E. wushanese 0.522 
3 5 E. pubescens E. pubescens 0.764 
36* E. koreanum E. pubescens 0.639 
37* E. davidii E. wushanese 0.536 
38* E. haojin^ensis E. koreanum 0.666 
39* E, leptorrhizum E. sa^ittatum 1.000 
40* E. sutchuenense E. wushanese 0.457 
41* unknown E. wushanese 0.342 
42* unknown E. wushanese 0.535 
43* unknown E. wushanese 0.391 
*the samples in the testing set. 
• 
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3.3.9 Potential Usage of the Recognition Model 
In this study, 6 species were used to build the recognition model, however it 
does not mean that this model is restricted to these 6 species only. New species can 
be added to the model as long as they are treated by identical extraction procedure and 
instrumental analysis. When a new member is added, species groups will be 
redistributed in the m-dimensional space and new classification functions generated. 
This method can also be applied to any traditional Chinese medicinal herbs. 
3.3.10 Advantage of the Pattern Recognition Method 
The proposed method is not restricted to any kind of sample or any chemical 
analytical method. The only thing the analyst is required to do is to find a suitable 
analytical method and to extract meaningful chemical information from the analytical 
data. 
Complete resolution is not required for the chromatographic analysis since any 
significant difference of pattem between species would be amplified during the 
variable selection procedure. This can save time in adjusting chromatographic running 
conditions in order to increase the peak resolution. Hence, the proposed pattem 
recognition is a convenient, objective and accurate method for the identification of 
traditional Chinese medicine. 
3.3.11 Disadvantage of Discriminant Analysis 
In discriminant analysis, unknown sample must be assigned to one of the 
groups, even though it belongs to none of the groups'^. Hence, the model should 
include as many species as possible. * 
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3.4 Conclusions 
Chemical pattem recognition is a potential method in identification and quality 
assessment of Epimedium, where 42 out of 47 samples were correctly classified by the 
recognition model established by relative abundance and adjusted retention time of 
the dominant peak in 1 minute-interval of the HPLC chromatograms of 6 Epimedium 
species. 
The nature of the variables is an important factor in chemical pattem 
recognition, and the variable should be chemically meaningful, unique for each group 
and insensitive to small changes in analysis conditions. The predictive power of the 
model can be improved by increasing the number of samples for each species; and 
small sample size should be avoided for classifying species coming from the same 
genus. Moreover, the proposed pattem recognition method can also be applied to 
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APPENDIX I Epimedium species in China 
Table 1.1 The 23 species and 4 varieties of Epimedium in China 
Species official species use as medical drug 
E, hrevicornum * * 
E. sagittatum * * 
E. sagittatum var. pyramidale * 
E. sagittatum var. ^labratum * 
E. sagittatum var. * 
oblongtfoliolatum 
E. pubescens * * 
E. koreanum * * 
E. wushanense * * 
E. elongatum * 
E. huanense * 
E, leptorrhizum * 
E. davidii ^ 















* official species or species used as medical drug 
j 
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APPENDIX II.1 HPLC Chromatograms of Samples ofEpimedium sagittatum 
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Figure II. 1.2 HPLC Chromatogram of Sample no 2 
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Figure 11.1.5 HPLC Chromatogram of Sample no 5 
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Figure 11.1.7 HPLC Chromatogram of Sample no 7 
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Figure II. 1.8 HPLC Chromatogram of Sample no 8 
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Figure 11.1.9 HPLC Chromatogram of Sample no 9 
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Figure 11.1.10 HPLC Chromatogram of Sample no 10 
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Figure II. 1.11 HPLC Chromatogram of Sample no 11 
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Figure II.1.12 HPLC Chromatogram ofSample no 12 
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Figure 11.1 • 13 HPLC Chromatogram of Sample no 13 
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APPENDIX II.2 HPLC Chromatograms of Samples of Epimedium pubescens 
Figure II.2.1 HPLC Chromatogram of Sample no 14 
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Figure 11.22 HPLC Chromatogram of Sample no 15 
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Figure II.2.3 HPLC Chromatogram of Sample no 16 
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Figure II.2.4 HPLC Chromatogram of Sample no 17 
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Figure II.2.5 HPLC Chromatogram of Sample no 18 
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Figure IL2.6 HPLC Chromatogram of Sample no 19 
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Figure II.2.7 HPLC Chromatogram of Sample no 20 
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APPENDIX II.3 HPLC Chromatograms of Samples oiEpimedium koreanum 
Figure IL3.1 HPLC Chromatogram ofSample no 21 
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Figure II.3 2 HPLC Chromatogram of Sample no 22 
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Figure II.3.3 HPLC Chromatogram of Sample no 23 
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Figure IL3.5 HPLC Chromatogram of Sample no 25 
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Figure II.3.6 HPLC Chromatogram of Sample no 26 
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Figure II.3.7 HPLC Chromatogram of Sample no 27 
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Figure II.3.8 HPLC Chromatogram of Sample no 28 
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Figure II.3.9 HPLC Chromatogram of Sample no 29 
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Figure II.3.10 HPLC Chromatogram ofSample no 30 
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Figure II.3.11 HPLC Chromatogram of Sample no 31 
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Figure II.3.12 HPLC Chromatogram ofSample no 32 
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APPENDIX II.4 HPLC Chromatograms of Samples oiEpimedium leptorrhizum 
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Figure II.4.2 HPLC Chromatogram of Sample no 34 
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Figure II.4.4 HPLC Chromatogram of Sample no 36 
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APPENDIX 11.5 HPLC Chromatograms of Samples of Epimedium wushanese 
Figure 11.5.1 HPLC Chromatogram of Sample no 37 
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Figure 11.5.2 HPLC Chromatogram of Sample no 38 
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Figure II.5.3 HPLC Chromatogram of Sample no 39 
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Figure II.5.4 HPLC Chromatogram of Sample no 40 
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Figure II.5.5 HPLC Chromatogram of Sample no 45 
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APPENDIX II.6 HPLC Chromatograms of Samples ofEpimedium brevicornum 
Figure II.6.1 HPLC Chromatogram of Sample no 42 
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Figure IL6.2 HPLC Chromatogram of Sample no 43 
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Figure II.6.3 HPLC Chromatogram of Sample no 44 
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Figure II.6.4 HPLC Chromatogram of Sample no 45 
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Figure II.6.5 HPLC Chromatogram of Sample no 46 
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Figure II.6.6 HPLC Chromatogram of Sample no 47 
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APPENDIX III Log-transformed Values of Variables 
Variables designation: 
TAi = adjusted retention of the domination peak in the ith time interval 
MAi = relative abundance ofthe domination peak in the ith time interval 
SAi = sum ofthe relative abundance of all peak in the ith time interval 
Table 3.1 Log-transformed values ofthe adjusted retention time ofthe dominant peak 
in each 1 minute-interval. 
: p l e n o TA1 TA2 TA3 TA4 TA5 TA6 TA7 TA8 TA9 TA10 TA11 TA12 TA13 TA14 TA15 T A l f 
1 0.000 0.000 0.589 0.657 0.738 0.805 0.901 0.949 0.986 1.004 1.067 1.094 1.132 1.162 1.181 1.227 
2 0.292 0.000 0.593 0.604 0.734 0.799 0.884 0.935 0.983 1.026 1.074 1.108 1.120 1.148 1.179 1.220 
3 0.000 0.321 0.561 0.607 0.745 0.838 0.892 0.951 0.971 1.035 1.077 0.000 1.130 1.147 1.182 1.223 
4 0.000 0.316 0.552 0.614 0.742 0.803 0.883 0.932 0.981 1.030 1.073 1.104 1.128 1.167 1.189 1.221 
5 0.000 0.308 0.549 0.611 0.739 0.794 0.858 0.944 0.981 1.025 1.067 1.096 1.131 1.161 1.188 1.221 
6 0.000 0.302 0.553 0.607 0.737 0.840 0.857 0.936 0.984 1.033 1.073 1.112 1.129 1.147 1.189 1.222 
7 0.292 0.444 0.542 0.000 0.733 0.799 0.854 0.933 0.958 1.029 1.053 1.096 1.124 1.166 1.179 1.221 
8 0.297 0.000 0.544 0.605 0.735 0.803 0.885 0.943 0.968 1.036 1.074 1.102 1.125 1.150 1.181 1.205 
9 0.298 0.000 0.598 0.604 0.735 0.804 0.894 0.936 0.957 1.001 1.065 1.112 1.124 1.162 1.177 1.224 
10 0.286 0.000 0.590 0.000 0.730 0.797 0.853 0.953 0.976 1.013 1.066 1.099 1.119 1.161 1.188 1.215 
11 0.270 0.000 0.534 0.000 0.725 0.786 0.855 0.932 0.955 1.034 1.064 1.087 1.118 1.157 1.194 1.211 
12 0.285 0.000 0.529 0.662 0.729 0.791 0.882 0.905 0.962 1.034 1.072 1.104 1.135 1.149 1.203 1.220 
13 0.280 0.000 0.589 0.000 0.728 0.798 0.871 0.910 0.957 1.022 1.066 1.079 1.118 1.175 1.193 1.219 
14 0.300 0.000 0.598 0.000 0.732 0.793 0.882 0.953 0.993 1.038 1.068 1.089 1.116 1.160 1.176 1.219 
15 0.000 0.321 0.554 0.609 0.740 0.804 0.891 0.910 0.959 1.001 1.073 1.085 1.122 1.161 1.197 1.219 
16 0.000 0.320 0.589 0.608 0.739 0.801 0.888 0.909 0.960 1.005 1.072 0.000 1.121 1.161 1.199 1.211 
17 0.000 0.324 0.597 0.611 0.741 0.806 0.893 0.935 0.956 1.002 1.044 1.091 1.142 1.161 1.198 1.215 
18 0.000 0.322 0.558 0.610 0.740 0.812 0.893 0.932 0.969 1.014 1.071 1.093 0.000 1.150 1.186 1.208 
19 0.000 0.325 0.554 0.613 0.741 0.815 0.892 0.911 0.959 1.015 1.042 1.092 1.130 1.165 1.186 1.219 
20 0.000 0.317 0.534 0.608 0.738 0.802 0.891 0.931 0.982 1.012 1.070 0.000 1.120 1.174 1.185 1.206 
21 0 000 0.313 0.584 0.604 0.734 0.791 0.880 0.920 0.990 1.031 1.060 1.114 1.137 1.175 1.199 1.211 
22 0.277 0.000 0.565 0.000 0.721 0.845 0.883 0.937 0.974 1.029 1.061 1.114 1.137 1.149 1.187 1.211 
23 0.284 0.000 0.570 0.000 0.724 0.000 0.869 0.930 0.964 1.028 1.063 1.114 1.123 1.176 1.191 1.210 
24 0.000 0.000 0.521 0.000 0.721 0.782 0.886 0.929 0.978 1.010 1.072 1.085 1.124 1.147 1.196 1.214 
25 0.267 0.000 0.518 0.000 0.718 0.789 0.874 0.904 0.960 1.041 1.069 1.091 1.143 1.160 1.185 1.229 
26 0.271 0.403 0.578 0.000 0.720 0.783 0.886 0.928 0.988 1.030 1.062 1.085 1.118 1.151 1.182 1.213 
27 0.301 0.000 0.534 0.000 0.730 0.784 0.894 0.932 0.985 1.036 1.068 1.112 1.122 1.154 1.178 1.212 
28 0.000 0.314 0.601 0.000 0.737 0.796 0.891 0.932 0.977 1.036 1.072 1.088 1.120 1.151 1.178 1.214 
29 0.000 0.318 0.551 0.603 0.739 0.788 0.895 0.936 0.958 1.019 1.067 1.089 1.122 1.163 1.178 1.205 
30 0.000 0.323 0.547 0.605 0.741 0.790 0.892 0.932 0.978 1.038 1.072 1.105 1.121 1.175 1.196 1.212 
31 0.000 0.312 0.586 0.000 0.735 0.839 0.857 0.914 0.961 1.037 1.065 1.093 1.120 1.152 1.178 1.211 
32 0.000 0.332 0.541 0.617 0.745 0.798 0.863 0.939 0.960 1.017 1.055 1.104 1.130 1.156 1.180 1.221 
33 0.000 0.339 0.565 0.621 0.748 0.810 0.889 0.912 0.987 1.028 1.045 1.091 1.130 1.148 1.191 1.222 
34 0.000 0.356 0.570 0.616 0.755 0.815 0.895 0.918 0.992 1.032 1.049 1.081 1.134 1.151 1.182 1.223 
35 0.000 0.327 0.556 0.615 0.743 0.803 0.853 0.909 0.981 1.032 1.067 1.103 1.128 1.146 1.203 1.218 
36 0.000 0.326 0.598 0.614 0.742 0.803 0.884 0.942 0.964 1.011 1.070 0.000 1.119 0.000 1.195 1.220 
37 0.000 0.342 0.565 0.609 0.746 0.804 0.867 0.931 0.979 1.022 1.072 1.084 1.126 1.160 1.187 1.222 
38 0.000 0.330 0.600 0.614 0.741 0.810 0.883 0.908 0.979 1.041 1.072 1.091 1.123 1.160 1.186 1.207 
39 0.000 0.312 0.593 0.604 0.733 0.786 0.878 0.928 0.995 1.018 1.061 1.091 1.120 1.159 1.197 1.207 
40 0.000 0.309 0.542 0.603 0.732 0.795 0.902 0.926 0.991 1.037 1.054 1.087 1.116 1.157 1.195 1.228 
41 0.000 0.317 0.548 0.607 0.735 0.798 0.851 0.953 0.994 1.017 1.060 1.088 1.130 1.148 1.185 1.230 
42 0.266 0.422 0.537 0.000 0.724 0.790 0.848 0.929 0.959 1.041 1.070 1.114 1.138 1.158 1.193 1.211 
43 0.000 0.000 0.559 0.624 0.751 0.831 0.902 0.939 0.990 1.020 1.079 1.096 1.119 1.152 1.203 1.216 
44 0.000 0.347 0.567 0.615 0.750 0.828 0.903 0.926 0.975 1.039 1.067 1.093 1.123 1.153 1.179 1.216 
45 0.301 0.000 0.592 0.000 0.731 0.798 0.886 0.945 0.960 1.010 1.072 1.086 1.141 1.156 1.192 1.214 
46 0.000 0.318 0.555 0.608 0.738 0.811 0.880 0.940 0.961 1.011 1.071 1.086 1.123 1.175 1.185 1.210 
47 0 000 0.314 0.593 0.607 0.736 0.796 0.903 0.938 0.960 1.039 1.068 1.083 1.120 1.147 1.186 1.211 
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TA17 TA18 TA19 TA20 TA21 TA22 TA23 TA24 TA25 TA26 TA27 TA28 TA29 TA30 TA31 TA32 
1.246 1.261 1.283 1.321 1.338 1.351 1.366 1.388 1.399 1.415 1.434 1.452 1.467 1.478 1.504 1.514 
1.238 1.274 1.292 1.321 1.335 1.345 1.379 1.389 1.401 1.415 1.437 1.452 1.464 1.485 1.503 1.507 
1.242 1.257 1.292 1.315 1.328 1.347 1.380 1.389 1.401 1.415 1.436 0.000 1.471 1.477 1.504 1.515 
1.241 1.276 1.293 1.321 1.326 1.352 1.379 1.389 1.400 1.415 1.436 1.452 1.464 1.479 1.504 1.516 
1.240 1.276 1.297 1.320 1.328 1.346 1.380 1.389 1.400 1.415 1.436 1.449 1.468 1.484 1.505 1.517 
1.241 1.276 1.293 1.318 1.336 1.345 1.380 1.389 1.401 1.415 1.436 1.452 1.477 1.488 1.505 1.515 
1.255 1.275 1.292 1.312 1.337 1.350 1.379 1.389 1.400 1.415 1.436 0.000 1.473 1.478 1.504 1.517 
1.242 1.276 1.286 1.314 1.328 1.359 1.369 1.390 1.410 1.422 1.433 1.450 1.470 1.479 1.493 1.515 
1.251 1.268 1.293 1.319 1.338 1.352 1.380 1.390 1.401 1.415 1.436 1.449 1.463 1.479 1.505 1.518 
1.254 1.275 1.293 1.315 1.337 1.351 1.380 1.395 1.401 1.415 1.436 1.453 1.469 1.481 1.495 1.506 
1.239 1.267 1.293 1.314 1.323 1.346 1.379 1.389 1.401 1.415 1.436 1.458 1.468 1.484 1.493 1.505 
1.238 1.273 1.289 1.312 1.324 1.358 1.379 1.389 1.401 1.415 1.446 0.000 0.000 1.484 0.000 1.507 
1.254 1.274 1.293 1.318 1.323 1.353 1.374 1.390 0.000 1.415 1.441 1.448 1.468 1.481 1.494 1.506 
1.253 1.274 1.291 1.318 1.336 1.358 1.379 1.389 1.401 1.415 1.436 1.458 1.464 1.484 1.494 1.505 
1.254 1.275 1.293 1.319 1.336 1.352 1.380 1.389 1.401 1.415 1.436 1.451 1.464 1.484 1.494 1.505 
1.255 1.275 1.293 1.319 1.337 1.359 1.380 1.389 1.401 1.415 1.436 1.451 1.464 1.484 1.505 1.517 
1.250 1.274 1.291 1.318 1.337 1.360 1.380 1.389 1.401 1.415 1.436 1.451 1.464 1.483 1.505 1.517 
1.254 1.268 1.292 1.302 1.336 1.345 1.366 1.389 1.401 1.415 1.436 1.451 1.475 1.478 1.494 1.505 
1.238 1.274 1.291 1.318 1.336 1.357 1.380 1.389 1.401 1.415 1.436 1.453 1.464 1.480 1.494 1.506 
1.252 1.266 1.291 1.317 1.336 1.352 1.379 1.389 1.401 1.415 1.436 1.452 1.464 1.484 1.495 1.506 
1.238 1.274 1.292 1.315 1.323 1.354 1.380 1.390 1.401 1.415 1.436 1.453 1.472 1.485 1.494 1.507 
1.238 1.274 1.292 1.314 1.322 1.354 1.380 1.389 1.401 1.415 1.437 1.452 1.471 1.485 1.493 1.506 
1.237 1.273 1.292 1.315 1.327 1.360 1.380 1.390 1.407 1.415 1.436 1.453 1.471 1.488 1.493 1.505 
1.239 1.267 1.293 1.314 1.326 1.350 1.379 1.389 1.400 1.415 1.436 1.452 1.468 1.484 1.494 1.506 
1.252 1.272 1.290 1.311 1.322 1.350 1.379 1.389 1.400 1.415 1.445 1.462 1.476 1.486 1.494 1.506 
1 239 1.275 1.293 1.315 1.324 1.354 1.380 1.389 1.401 1.415 1.436 1.458 1.471 1.484 1.493 1.514 
1.239 1.274 1.292 1.314 1.323 1.354 1.379 1.389 1.401 1.415 1.436 1.452 1.470 1.483 1.492 0.000 
1.238 1.274 1.293 1.315 1.323 1.352 1.380 1.390 1.401 1.415 1.447 0.000 1.470 1.484 1.492 1.514 
1.240 1.275 1.294 1.315 1.324 1.355 1.380 1.390 1.401 1.415 1.446 1.452 1.471 1.488 1.497 1.505 
1 238 1.273 1.292 1.314 1.323 1.360 1.379 1.389 1.400 1.415 1.436 1.458 1.470 1.483 1.505 1.514 
1.238 1.274 1.293 1.311 1.324 1.355 1.379 1.389 1.401 1.415 1.436 1.452 1.470 1.484 1.492 0.000 
1.240 1.276 1.293 1.316 1.338 1.352 1.380 1.389 1.400 1.415 0.000 1.452 1.470 1.488 1.503 1.508 
1.243 1.276 1.293 1.315 1.329 1.349 1.379 1.389 1.406 1.415 1.435 1.458 1.474 1.483 1.505 1.515 
1.245 1.276 1.293 1.315 1.328 1.349 1.379 1.389 1.406 1.415 1.436 1.449 1.465 1.478 1.496 1.506 
1.243 1.276 1.296 1.312 1.327 1.358 1.365 1.389 1.409 1.420 0.000 1.462 1.472 1.491 1.499 1.515 
1.249 1.264 1.290 1.312 1.335 1.361 1.372 1.388 1.406 1.418 1.440 1.461 1.473 1.480 1.493 1.505 
1.255 1.275 1.293 1.311 1.336 1.359 1.380 1.389 1.401 1.415 1.436 1.448 1.476 1.485 1.505 1.509 
1.254 1.271 1.290 1.319 1.340 1.350 1.366 1.389 1.401 1.415 1.436 1.449 1.469 1.481 1.496 1.506 
1.249 1.275 1.292 1.318 1.325 1.359 1.380 1.390 1.401 1.415 1.437 0.000 1.465 1.480 1.495 1.506 
1.248 1.262 1.289 1.317 1.336 1.351 1.379 1.389 1.401 1.415 1.434 1.460 1.474 1.481 1.495 1.506 
1.250 1.267 1.292 1.319 1.337 1.352 1.380 1.389 1.401 1.415 1.437 1.462 1.465 1.480 1.495 1.506 
1.238 1.274 1.293 1.322 1.336 1.360 1.380 1.389 1.401 1.415 1.436 1.452 1.476 1.484 1.494 1.505 
1.242 1.278 1.295 1.303 1.331 1.346 1.380 1.389 1.401 1.415 1.436 1.454 1.464 1.478 1.504 1.509 
1.251 1.265 1.291 1.317 1.341 1.344 1.379 1.389 1.401 1.415 1.436 1.451 1.467 1.479 1.504 1.516 
1.239 1.267 1.292 1.301 1.337 1.351 1.379 1.389 1.401 1.415 1.436 1.458 1.468 1.479 1.494 1.505 
1.238 1.264 1.290 1.311 1.325 1.359 1.379 1.389 1.401 1.415 1.436 1.452 1.475 1.480 1.494 1.505 
1.238 1.274 1.293 1.301 1.327 1.360 1.379 1.389 1.401 1.415 1.436 1.447 1.476 1.484 1.504 1.508 
«. 
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TA33 TA34 TA35 TA36 TA37 TA38 TA39 TA40 TA41 TA42 TA43 TA44 TA45 
1.520 1.534 1.548 1.560 1.574 1.583 1.597 1.610 1.620 1.626 1.636 0.000 0.000 
1.529 1.540 1.549 1.560 1.571 1.587 1.600 1.606 1.614 1.625 1.637 1.645 0.000 
1.530 1.540 1.549 1.561 1.573 1.586 1.598 1.611 1.623 1.628 1.641 1.646 0.000 
1.529 1.536 1.546 1.560 1.573 1.586 1.598 1.613 1.623 1.628 1.643 1.646 0.000 
1.530 1.540 1.549 1.561 1.573 1.585 1.598 1.612 1.623 1.628 1.637 1.646 0.000 
1.530 1.540 1.549 1.560 1.573 1.585 1.598 1.612 1.622 1.628 1.636 1.646 0.000 
1.529 1.537 1.549 1.560 1.573 1.585 1.598 1.612 1.623 1.628 1.637 1.648 0.000 
1.524 0.000 1.554 1.558 1.573 1.581 1.601 1.613 1.622 1.628 1.637 1.651 0.000 
1.521 1.537 1.549 1.560 1.573 1.586 1.594 1.603 1.613 1.629 1.635 1.646 0.000 
1.525 1.538 1.549 1.561 1.573 1.587 1.595 1.612 1.614 1.625 1.642 0.000 0.000 
1.529 1.537 1.548 1.560 1.572 1.586 1.594 1.611 0.000 1.623 1.635 1.645 0.000 
1.530 1.538 1.546 1.561 1.573 1.587 1.598 1.605 1.614 1.624 1.636 1.644 0.000 
1.529 1.537 1.550 1.560 1.572 1.587 1.600 1.607 1.614 1.630 1.643 1.652 0.000 
1.522 1.539 1.549 1.560 1.572 1.585 1.599 1.612 1.623 1.628 1.643 0.000 1.654 
1.523 1.536 1.549 1.560 1.572 1.586 0.000 1.613 0.000 1.623 1.634 1.644 0.000 
1.522 1.539 1.549 1.559 1.571 1.585 0.000 1.612 1.622 1.627 0.000 0.000 0.000 
1.522 1.538 1.545 1.559 1.572 1.585 1.593 1.612 1.623 1.628 0.000 1.651 1.657 
1.521 1.537 1.549 1.560 1.572 1.585 1.600 1.612 1.623 1.628 1.639 1.644 1.654 
1.529 1.539 1.549 1.560 1.572 1.585 1.599 1.613 0.000 1.623 1.635 1.645 0.000 
1.522 1.537 1.550 1.560 1.572 1.586 1.600 1.613 1.623 1.629 1.640 1.645 0.000 
1.531 1.543 1.547 1.567 1.574 1.588 0.000 1.609 1.613 1.626 1.643 0.000 0.000 
1.530 1.541 1.545 1.561 1.572 1.587 1.600 1.611 0.000 1.629 1.642 0.000 0.000 
1.520 1.540 1.545 1.560 1.571 1.586 0.000 1.611 0.000 1.629 1.641 1.649 0.000 
1.530 1.540 1.549 1.560 1.572 1.586 1.594 1.611 1.623 1.629 1.634 1.645 0.000 
1.522 1.537 1.549 1.560 1.572 1.585 1.598 1.613 1.623 1.628 1.634 1.645 0.000 
1.522 1.540 1.544 1.560 1.572 1.586 1.594 1.611 1.616 1.628 1.634 1.652 0.000 
1.522 1.544 1.553 1.559 1.573 1.585 1.593 1.611 1.616 1.628 1.641 1.651 0.000 
1.529 1.540 1.544 1.560 1.572 1.585 0.000 1.610 1.623 1.627 1.640 1.647 0.000 
1.529 1.540 1.544 1.560 1.572 1.585 1.602 1.610 1.623 1.627 1.640 1.650 0.000 
1.529 1.540 1.544 1.560 1.572 1.585 1.593 1.611 1.623 1.628 1.641 1.647 0.000 
1.522 1.540 1.544 1.565 1.573 1.586 1.599 1.611 1.623 1.628 1.641 1.645 0.000 
1.530 1.539 1.549 1.560 1.572 1.584 1.602 1.610 1.622 1.627 1.639 1.645 0.000 
1.529 1.537 1.546 1.560 1.573 1.585 1.598 1.612 1.621 1.628 1.640 1.653 0.000 
1.531 1.538 1.549 1.566 1.574 1.586 1.591 1.604 1.613 1.630 1.635 1.648 0.000 
1.530 1.538 1.550 1.562 1.572 0.000 1.599 1.613 1.618 1.626 0.000 1.648 0.000 
1.530 1.538 1.545 1.558 0.000 1.580 1.598 0.000 1.618 1.627 0.000 0.000 0.000 
1.531 1.541 1.548 1.561 1.573 1.587 1.599 1.605 1.614 1.624 1.636 1.646 0.000 
1.531 1.537 1.551 1.561 1.579 1.587 1.596 1.604 1.614 1.624 1.636 1.647 0.000 
1.519 1.539 1.551 1.561 1.573 1.587 1.599 1.604 1.614 1.630 1.636 1.646 0.000 
1.530 1.539 1.547 1.561 1.580 1.587 1.599 1.605 1.614 1.625 1.639 0.000 0.000 
1.520 1.537 1.550 1.561 1.571 1.587 0.000 1.604 1.614 1.625 1.636 1.645 0.000 
1.529 1.537 1.549 1.565 1.572 1.586 1.594 1.611 1.613 1.624 1.636 1.644 0.000 
1.531 1.541 1.550 1.561 1.574 1.585 0.000 1.613 0.000 1.624 0.000 0.000 0.000 
1.530 1.538 1.550 1.561 1.574 1.586 1.599 1.604 1.613 1.624 1.635 1.647 0.000 
1.530 1.538 1.550 1.560 1.573 1.585 1.594 1.611 1.623 1.629 1.634 1.646 0.000 
1.522 1.533 1.549 1.560 1.573 1.585 1.598 1.604 1.613 1.624 1.634 1.646 0.000 
1.530 1.537 1.550 1.560 1.572 1.585 1.599 1.611 1.623 1.629 1.643 0.000 0.000 
j 
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Table 3.2 Log-transformed values ofthe relative abundance of the dominant peak in 
each 1 minute-interval. 
sample MA1 MA2 MA3 MA4 MA5 MA6 MA7 MA8 MA9 MA10 MA11 MA12 MA13 MA14 MA15 MA16 
no — 
1 0.0000 0.0000 0.5471 0.3164 0.5606 0.2940 0.3857 0.3058 0.3885 0.3318 0.3717 0.7870 0.3287 0.4067 0.4166 0.9817 
2 0.0154 0.0000 0.6433 0.4777 0.8984 0.0490 0.0518 0.1554 0.3035 0.1686 0.2667 0.2451 0.2138 0.2240 0.1439 0.3637 
3 0.0000 0.0282 0.7551 0.8787 1.3147 0.0377 0.1281 0.1875 0.1853 0.0218 0.2095 0.0000 0.6024 0.5950 0.3503 0.5977 
4 0.0000 0.0154 0.9962 0.6713 0.8018 0.0586 0.1291 0.2735 0.1293 0.1044 0.0867 0.0748 0.3462 0.1687 0.0993 0.4460 
5 0.0000 0.0083 0.5845 0.4797 0.8061 0.0475 0.0696 0.2218 0.0267 0.0642 0.0453 0.0686 0.2588 0.1185 0.1005 0.1522 
6 0.0000 0.0614 0.6140 0.5188 1.2151 0.0251 0.0383 0.2689 0.1484 0.0870 0.1095 0.2886 0.1660 0.1423 0.0591 0.3340 
7 0.0502 0.0481 0.7896 0.0000 0.6705 0.0521 0.0270 0.2360 0.0484 0.0978 0.0393 0.0559 0.3668 0.1541 0.1253 0.3258 
8 0.0348 0.0000 1.2142 0.8641 1.0620 0.1102 0.0953 0.3400 0.1638 0.2788 1.0157 0.1468 0.7793 0.1960 0.0447 0.2404 
9 0.0085 0.0000 0.8788 0.6484 0.9964 0.0215 0.1840 0.5709 0.2023 0.0297 0.1444 0.0235 0.1548 0.0927 0.1665 0.1872 
10 0.0073 0.0000 0.7792 0.0000 0.9077 0.1007 0.0414 0.4230 0.3691 0.0662 0.0876 0.2679 0.3150 0.0981 0.2525 0.4119 
11 0.0108 0.0000 0.4944 0.0000 0.7017 0.0389 0.2467 0.1966 0.4645 0.0564 0.0544 0.0484 0.4481 0.2142 0.1765 0.2737 
12 0.0581 0.0000 0.9599 0.0102 0.8066 0.0474 0.0411 0.1519 0.3146 0.7363 1.4132 0.0268 0.7561 0.6306 0.0783 0.0836 
13 0.0069 0.0000 0.4764 0.0000 0.9952 0.1106 0.0256 0.1843 0.0175 0.0619 0.0258 0.0465 0.1750 0.0447 0.0322 0.2781 
14 0.0251 0.0000 0.8258 0.0000 1.0338 0.1436 0.0543 0.1887 0.0775 0.0376 0.0817 0.0025 0.7466 0.2021 0.1396 0.2041 
15 0.0000 0.0269 0.6037 0.5444 1.0102 0.1223 0.0369 0.0701 0.0423 0.0947 0.0547 0.0096 0.4800 0.2400 0.2378 0.2113 
16 0 0000 0.0329 0.5996 0.7323 0.7078 0.0915 0.0504 0.0999 0.1197 0.1672 0.0936 0.0000 0.5811 0.1128 0.1295 0.0943 
17 0.0000 0.0166 0.4988 0.6811 1.1396 0.1311 0.0517 0.1318 0.2402 0.1820 0.1205 0.0290 0.3670 0.1168 0.1290 0.1734 
18 0.0000 0.0280 0.4203 0.6614 0.4476 0.3219 0.2007 0.2058 0.2588 0.3920 0.4480 0.1779 0.0000 0.8118 0.3090 0.3824 
19 0.0000 0.0261 0.3799 0.4220 0.8934 0.1349 0.0265 0.1235 0.0713 0.0112 0.0373 0.0169 0.1222 0.0596 0.1249 0.1070 
20 0.0000 0.0212 0.2443 0.6052 0.3780 0.3944 0.2605 0.2252 0.3002 0.2210 0.2376 0.0000 0.5740 0.2013 0.2446 0.3065 
21 0.0000 0.0455 1.0247 0.6518 0.8600 0.0735 0.1914 0.1055 0.5088 0.0442 0.0829 0.7600 0.0233 0.0869 0.2288 0.2209 
22 0.0529 0.0000 0.6909 0.0000 0.8276 0.0533 0.1163 0.1092 0.3742 0.0438 0.0697 0.7203 0.0115 0.0547 0.1511 0.2336 
23 0.0311 0.0000 0.8951 0.0000 0.9071 0.0000 0.1012 0.2360 0.2324 0.0430 0.0569 0.4879 0.2090 0.1517 0.0207 0.1976 
24 0.0000 0.0000 0.7842 0.0000 0.9487 0.0588 0.1002 0.2997 0.1424 0.0248 0.4580 0.1095 0.3500 0.4402 0.2773 0.3551 
25 0 0027 0.0000 0.6490 0.0000 0.9972 0.1556 0.0280 0.1189 0.1372 0.1113 0.6413 0.1530 0.3154 0.2193 0.1801 0.1849 
26 0.0058 0.0051 0.6675 0.0000 1.0147 0.0758 0.0870 0.0388 0.2235 0.0382 0.0931 0.0262 0.6285 0.2662 0.3187 0.3233 
27 0.0166 0.0000 0.7548 0.0000 0.7289 0.1153 0.1026 0.0556 0.4126 0.1126 0.1644 0.2558 0.5044 0.1634 0.1865 0.2420 
28 0.0000 0.0221 0.9316 0.0000 0.8784 0.1841 0.0947 0.1088 0.2751 0.0853 0.1657 0.1343 0.6976 0.1673 0.2063 0.5078 
29 0.0000 0.0314 0.7189 1.0157 0.7410 0.0410 0.1137 0.1501 0.1164 0.2777 0.1189 0.0886 0.6182 0.7465 0.1960 0.3457 
30 0.0000 0.0307 0.7616 0.7045 0.8278 0.1467 0.0801 0.1346 0.2612 0.0812 0.0526 0.2605 0.5178 0.1175 0.0952 0.2002 
31 0.0000 0.0197 1.0263 0.0000 0.7564 0.0278 0.0968 0.0284 0.3384 0.1299 0.0760 0.1129 0.4532 0.0819 0.0519 0.1746 
32 0.0000 0.0508 0.8304 0.5018 0.8519 0.0164 0.0569 0.1041 0.0748 0.0446 0.1260 0.0616 0.3576 0.6084 0.3107 0.4919 
33 0.0000 0.0174 1.0983 0.8667 0.7892 0.4764 0.4751 0.2994 0.4055 0.2562 0.5147 0.0510 0.3646 0.3242 0.2842 0.3997 
34 0.0000 0.0573 0.8094 0.8005 1.1076 0.1473 0.5612 0.3878 0.6946 0.3000 0.3415 0.5018 0.4837 0.5492 0.2388 0.5329 
35 0.0000 0.0615 1.3365 1.0410 0.9455 0.6005 0.5838 0.5977 0.6749 0.2658 0.1839 0.2033 0.3446 0.2582 0.0388 0.0723 
36 0.0000 0.0827 0.9007 0.7425 1.1146 0.1689 0.3503 0.6091 0.6216 0.1961 0.5085 0.0000 1.4385 0.0000 0.3520 0.4397 
37 0.0000 0.0396 0.5153 0.6352 0.8597 0.0653 0.0288 0.1041 0.1629 0.1978 0.0884 0.0053 0.2159 0.2037 0.0957 0.3687 
38 0.0000 0.0201 0.4545 0.3422 0.8456 0.0284 0.0144 0.1011 0.0238 0.0288 0.0267 0.0149 0.3222 0.2095 0.2293 0.1830 
39 0.0000 0.0128 0.8164 0.4675 0.6426 0.0289 0.0784 0.1745 0.2051 0.1161 0.1045 0.0701 0.3424 0.1561 0.1741 0.1981 
40 0.0000 0.0387 0.6182 0.6378 0.7903 0.0446 0.4787 0.4044 0.1321 0.1672 0.1735 0.1684 0.2589 0.3106 0.2573 0.2302 
41 0.0000 0.0136 0.5696 0.3505 0.5198 0.2509 0.0840 0.2514 0.2063 0.4045 0.1869 0.1188 0.2792 0.2639 0.3113 0.2767 
42 0.0108 0.0171 0.7648 0.0000 1.0047 0.0211 0.0312 0.2186 0.1125 0.0237 0.4795 0.3013 0.2659 0.1528 0.1444 0.3234 
43 0.0000 0.0000 0.7772 0.3681 0.6184 0.0517 0.0454 0.3274 0.0787 0.0321 0.4412 0.0060 0.0418 0.2770 0.0878 0.2859 
44 0.0000 0.0069 0.6505 0.6295 0.7154 0.2348 0.2742 0.3361 0.3142 0.2775 0.3785 0.1593 0.6194 0.4735 0.2518 0.3287 
45 0.0065 0.0000 0.6955 0.0000 1.1306 0.0836 0.1393 0.1873 0.0703 0.0418 0.4351 0.4747 0.3662 0.3449 0.3175 0.3185 
46 0.0000 0.0232 0.9351 0.6965 0.8282 0.0304 0.1880 0.4060 0.4502 0.0132 0.8316 0.0624 0.3979 0.2978 0.1009 0.1309 
47 0.0000 0.0186 0.6092 0.5126 0.9399 0.0363 0.0699 0.0433 0.3896 0.1858 0.3916 0.2105 0.5133 0.6687 0.3435 0-3174 
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MA17 MA18 MA19 MA20 MA21 MA22 MA23 MA24 MA25 MA26 MA27 MA28 MA29 MA30 MA31 MA32 
0.0226 0.3740 0.5082 0.6553 0.2669 0.2282 0.4679 0.9843 0.2572 0.5639 0.3110 0.2399 0.1543 0.1492 0.6596 0.0078 
0.3450 0.3389 0.2318 0.0890 0.0736 0.0198 0.8404 1.4300 0.0852 1.1172 0.5731 0.0046 0.1580 0.0599 0.1883 0.2109 
0.3383 0.3977 0.4340 0.2532 0.1902 0.1821 0.3758 0.3439 0.1392 0.6240 0.2236 0.0000 0.4006 0.1570 0.4258 0.0459 
0.2342 0.4710 0.2078 0.1447 0.1135 0.0732 0.3930 1.2525 0.0151 0.6721 0.1768 0.1535 0.5722 0.2063 0.5810 0.0381 
0.2625 0.2474 0.1740 0.1438 0.1007 0.0448 0.7365 1.6011 0.1266 0.9355 0.3249 0.1966 0.2931 0.0169 0.2822 0.0385 
0.2814 0.4710 0.1321 0.0874 0.1145 0.0535 0.6767 1.2071 0.1064 1.0303 0.1387 0.0300 0.3334 0.0436 0.5737 0.0286 
0.3069 0.4056 0.1390 0.1171 0.1119 0.0524 0.6948 1.4484 0.1332 1.0585 0.7315 0.0000 0.5332 0.3332 0.3357 0.0175 
0.5038 0.6646 0.4579 0.9770 0.3826 0.1841 0.1425 0.0836 0.0380 0.0551 0.0347 0.3069 0.2558 0.3668 0.0517 0.0271 
0 4624 0.4341 0.3168 0.4297 0.4786 0.0523 0.6745 1.2665 0.0663 1.3029 0.0298 0.1090 0.0239 0.0156 0.1644 0.0250 
0.2024 0.4256 0.2725 0.1919 0.3030 0.5896 0.6905 0.7905 0.3582 1.4172 0.3069 0.1000 0.2368 0.0217 0.0775 0.1661 
0 3651 0.3142 0.4522 0.0787 0.1920 0.0284 1.3062 0.8931 0.3346 1.2610 0.2907 0.0406 0.0954 0.3388 0.2638 0.3019 
0.1597 0.4891 0.5208 0.7941 0.3622 0.1503 0.1684 0.4321 0.0184 0.2820 0.3757 0.0000 0.0000 0.9717 0.0000 0.1226 
0.2490 0.1493 0.2024 0.1147 0.0718 1.4245 0.2190 1.3263 0.0000 0.9850 0.0163 0.0043 0.0493 0.0636 0.0680 0.2672 
0 3690 0.2428 0.2594 0.1654 0.1073 0.0521 0.7655 1.4453 0.0802 1.1354 0.5490 0.0121 0.0223 0.1513 0.1049 0.2125 
0 3837 0 2657 0.2945 0.2778 0.2138 0.1697 0.7552 1.3998 0.0906 1.0699 0.6743 0.0950 0.2122 0.1549 0.1706 0.2685 
0 2847 0.2340 0.2064 0.1602 0.1266 0.1191 0.8240 1.5070 0.1009 1.1889 0.8198 0.0120 0.0775 0.1076 0.1791 0.0255 
0.2867 0.1634 0.3539 0.1895 0.1155 0.0631 0.7468 1.4922 0.1154 1.2744 0.1435 0.0738 0.0626 0.0613 0.1741 0.0386 
0 2799 0.2770 0.3646 0.2694 0.3155 0.1560 0.5629 1.1524 0.1024 1.4939 0.1265 0.4482 0.0260 0.0510 0.0753 0.2123 
0.4453 0.5819 0.1274 0.0802 0.0531 0.0293 0.3727 1.7063 0.0124 0.5811 0.0489 0.1783 0.5900 0.2476 0.0399 0.2365 
0 4923 0 2796 0.2819 0.1675 0.3418 0.1436 0.6020 1.1280 0.1313 1.4725 0.7872 0.2775 0.3596 0.1149 0.1433 0.2227 
0.3691 0.3693 0.1994 0.1243 0.1464 0.0984 0.9327 0.6140 0.3131 1.2404 0.6387 0.0185 0.5790 0.0489 0.2040 0.0399 
0 3383 0 2793 0 1599 0.1019 0.1156 0.1677 0.9281 0.6791 0.4009 1.2201 0.6516 0.0115 0.6076 0.2500 0.3122 0.1670 
0.2874 0.3545 0.0860 0.1162 0.0864 0.2333 0.7578 0.5240 0.2436 1.2577 0.2779 0.0061 0.5391 0.6994 0.4773 0.1341 
0 3807 0.3311 0.2993 0.1984 0.2623 0.1213 1.1021 0.8392 0.4329 1.2248 0.6689 0.1680 0.1477 0.1102 0.1162 0.2495 
0 2917 0.3067 0.2800 0.4214 0.1277 0.0713 0.4678 1.5679 0.0389 0.8124 0.1747 0.0277 0.1045 0.2107 0.2641 0.2768 
0 3826 0.3666 0.2031 0.1649 0.1446 0.2226 0.8248 0.6094 0.4328 1.1568 0.6862 0.1093 0.6049 0.2440 0.2732 0.0776 
0.3363 0.3195 0.1269 0.0988 0.1091 0.1121 0.8619 0.6658 0.4178 1.2694 0.7515 0.0678 0.5990 0.3680 0.3476 0.0000 
0 3293 0.2987 0.1407 0.1228 0.1100 0.1740 0.8088 0.6317 0.2806 1.2163 0.2567 0.0000 0.5610 0.1595 0.1741 0.0185 
0.4109 0.3204 0.1677 0.1679 0.1092 0.1828 0.9142 0.5365 0.3304 1.2965 0.3623 0.0906 0.7757 0.0092 0.2714 0.1059 
0 2747 0 2560 0.1401 0.1089 0.0885 0.1853 0.8738 0.5656 0.3600 1.2983 0.5332 0.1753 0.7050 0.0202 0.3406 0.0037 
0 2776 0.2009 0.1037 0.0939 0.1269 0.0788 0.8914 0.7951 0.5898 1.1587 1.1136 0.0416 0.6011 0.2041 0.2143 0.0000 
0 4522 0.7705 0.0668 0.2752 0.1145 0.2728 0.8013 0.6136 0.2638 1.2751 0.0000 0.0190 0.6292 0.0129 0.2691 0.1158 
0.4857 0.4494 0.1851 0.3268 0.1948 0.0273 0.0720 1.1932 0.0066 0.1812 0.0860 0.4943 0.1287 0.0473 0.0863 0.0454 
0.4780 0.4978 0.2797 0.3742 0.2905 0.1499 0.2780 0.8339 0.0122 0.4383 0.1368 0.1078 0.2060 0.1215 0.0632 0.1853 
0.1857 0.2478 0.0646 0.0132 0.1259 0.0130 0.0493 0.0545 0.0081 0.0457 0.0000 0.0804 0.0634 0.0096 0.0730 0.0243 
0.6215 0.3473 0.3773 0.1704 0.2810 0.1692 0.2248 0.1902 0.0881 0.1084 0.1010 0.2449 0.2796 0.0935 0.0434 0.0239 
03113 0.4653 0.1772 0.0698 0.1246 0.0512 0.8682 1.4623 0.1416 1.1269 0.8853 0.1156 0.2329 0.1662 0.2651 0.0657 
0.2495 0.1123 0.2537 0.3608 0.1634 0.1730 0.3280 1.3934 0.0334 0.4673 0.0355 0.0946 0.0679 0.1372 0.3320 0.7805 
0.3114 0.2475 0.2744 0.1784 0.1627 0.0496 0.7200 1.5239 0.1420 1.1176 0.2105 0.0000 0.1546 0.6487 0.2046 0.3006 
0 5845 0.3896 0.4343 0.5039 0.2012 0.1296 0.4713 1.5318 0.0445 0.8424 0.0540 0.0643 0.0996 0.3160 0.2148 0.3386 
0 4128 0.3295 0.4306 0.3775 0.1529 0.4182 0.6497 1.6099 0.0719 1.0846 0.3977 0.0411 0.0415 0.0322 0.0759 0.2526 
0 4529 0.5761 0.2361 0.2279 0.2362 0.1101 1.0386 1.1933 0.0660 1.3385 0.6754 0.1161 0.2780 0.2524 0.0894 0.1574 
0.3102 0.6114 0.1976 0.1126 0.1788 0.0492 1.1288 1.1685 0.5333 1.4916 0.2671 0.2722 0.0263 0.0149 0.1079 0.0378 
0.3097 0.3059 0.2814 0.2310 0.3670 0.1207 0.8559 1.1289 0.1372 1.1486 0.0963 0.0179 0.0828 0.0915 0.3666 0.0350 
0 4710 0.4724 0.4010 0.2081 0.3209 0.3949 1.2027 0.6152 0.2521 1.2782 0.1073 0.0181 0.0367 0.0545 0.0452 0.1349 
0.4201 0.2239 0.1481 0.3264 0.3683 0.2778 0.9178 0.9064 0.1833 1.1047 0.0477 0.7765 0.0500 0.1502 0.0881 0.1578 
0.4861 0.5002 0.3394 0.1313 0.2741 0.3439 1.1910 0.8014 0.2279 1.3063 0.3679 0.0770 0.1060 0.0968 0.0922 0.0355 
j 
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MA33 MA34 MA3S MA36 MA37 MA38 MA39 MA40 MA41 MA42 MA43 MA44 MA45 
0.1799 0.1411 0.1035 0.1233 0.2936 0.1884 0.0277 0.7549 0.1456 0.0536 0.0537 0.0000 0.0000 
0.0979 0.0873 0.0818 0.1011 0.1449 0.3398 0.0096 0.0331 0.9518 0.0994 0.0388 0.0050 0.0000 
0.2652 0.3329 0.3301 0.3043 0.3233 0.5894 0.0329 0.9172 0.1064 0.1149 0.0628 0.0293 0.0000 
0.3628 0.2136 0.3095 0.1606 0.4156 0.3218 0.0157 1.2463 0.4811 0.0689 0.0467 0.0473 0.0000 
0.1667 0.0701 0.0326 0.0753 0.0981 0.1962 0.0122 1.0494 0.1899 0.0676 0.0030 0.0053 0.0000 
0.2382 0.1053 0.1102 0.1771 0.2876 0.4709 0.0243 1.1363 0.1964 0.0982 0.0159 0.0255 0.0000 
0.1107 0.0801 0.0900 0.1428 0.2265 0.1989 0.0102 0.8692 0.0852 0.0442 0.0944 0.2061 0.0000 
0.0567 0.0000 0.1246 0.0456 0.0187 0.0224 0.0602 0.1189 0.1716 0.0924 0.2809 0.3489 0.0000 
0.0289 0.0475 0.0378 0.0496 0.0128 0.0329 0.0065 0.0272 0.1821 0.0743 0.0630 0.0996 0.0000 
0.0541 0.1159 0.0983 0.1445 0.1038 0.2344 0.0116 0.1359 0.2415 0.2133 0.1112 0.0000 0.0000 
0.1277 0.0535 0.0632 0.1166 0.0576 0.2958 0.0096 0.7366 0.0000 0.2259 0.0055 0.0364 0.0000 
0.1321 0.0597 0.0415 0.0698 0.1272 0.0521 0.0191 0.0438 0.3775 0.1560 0.1446 0.4721 0.0000 
0.0832 0.0547 0.0218 0.0651 0.0331 0.5048 0.0089 0.0077 0.8971 0.0164 0.0492 0.0051 0.0000 
0.0896 0.1062 0.0596 0.0653 0.0809 0.1302 0.0294 0.6125 0.0590 0.0219 0.0136 0.0000 0.0186 
0.1520 0.0883 0.1072 0.1281 0.0786 0.1955 0.0000 0.7983 0.0000 0.1126 0.0063 0.0066 0.0000 
0.0879 0.0631 0.0920 0.0493 0.0394 0.1686 0.0000 0.6985 0.0808 0.0317 0.0000 0.0000 0.0000 
0.0613 0.0794 0.1019 0.0553 0.0286 0.0575 0.0072 0.3943 0.0652 0.0319 0.0000 0.0049 0.0071 
0.3429 0.1884 0.1444 0.1583 0.1012 0.1494 0.0106 0.5649 0.0145 0.0451 0.0012 0.0160 0.0115 
0.1637 0.0396 0.0824 0.0614 0.2380 0.2041 0.0148 1.0428 0.0000 0.1340 0.0243 0.0098 0.0000 
0.2717 0.1748 0.1284 0.1963 0.1279 0.0735 0.0355 0.3342 0.0098 0.0314 0.0074 0.0964 0.0000 
0.0868 0.5682 0.6134 0.0665 0.1520 0.1962 0.0000 0.0294 0.3753 0.0661 0.1634 0.0000 0.0000 
0.1038 0.5797 0.5880 0.0791 0.1606 0.2808 0.0039 0.4631 0.0000 0.1361 0.1274 0.0000 0.0000 
0.1592 0.4680 0.4164 0.2467 0.2341 0.1953 0.0000 0.4197 0.0000 0.4268 0.1722 0.1804 0.0000 
0.2011 0.1108 0.1332 0.1554 0.1224 0.1769 0.0093 0.6563 0.1795 0.0449 0.0119 0.0092 0.0000 
0.1048 0.0821 0.0449 0.0881 0.0581 0.0871 0.0024 0.7305 0.0586 0.0105 0.0053 0.0103 0.0000 
0.1762 0.5976 0.6567 0.0369 0.1905 0.3052 0.0061 0.3594 0.0953 0.1161 0.0470 0.0056 0.0000 
0.0522 0.7158 0.0065 0.0255 0.1041 0.0781 0.0069 0.1610 0.0026 0.2301 0.0553 0.0093 0.0000 
0.0812 0.4590 0.4332 0.0992 0.1591 0.2929 0.0000 0.5244 0.1638 0.1155 0.2163 0.1108 0.0000 
0.0489 0.5565 0.4100 0.0443 0.0890 0.1257 0.0139 0.1714 0.1254 0.0307 0.0582 0.0910 0.0000 
0.1744 0.6136 0.6777 0.0923 0.1621 0.2267 0.0081 0.4273 0.1598 0.0965 0.1950 0.1510 0.0000 
0.0652 0.6224 0.7037 0.0159 0.1035 0.1478 0.0144 0.3035 0.1714 0.0399 0.0639 0.0443 0.0000 
0.2588 0.1815 0.1333 0.1806 0.4809 0.3877 0.0084 0.6542 0.0488 0.0515 0.3018 0.0269 0.0000 
0.0999 0.0987 0.0961 0.0633 0.0818 0.0363 0.0067 0.5228 0.2967 0.0272 0.0571 0.0125 0.0000 
0.1703 0.1133 0.1078 0.1249 0.1499 0.0186 0.0288 0.0399 0.6355 0.0437 0.2354 0.2131 0.0000 
0.1040 0.0905 0.0861 0.0120 0.0555 0.0000 0.0079 0.0393 0.0276 0.0387 0.0000 0.0296 0.0000 
0.0416 0.0849 0.2191 0.0299 0.0000 0.0042 0.0175 0.0000 0.0530 0.0519 0.0000 0.0000 0.0000 
0.0911 0.0542 0.0128 0.0566 0.1553 0.2818 0.0077 0.0047 0.7936 0.1041 0.0182 0.0053 0.0000 
0.2741 0.2722 0.2575 0.2367 0.1925 0.3829 0.0022 0.0619 1.4970 0.0953 0.0132 0.0698 0.0000 
0.1303 0.0854 0.1041 0.4219 0.0252 0.1970 0.0064 0.0256 0.7954 0.0655 0.0194 0.0106 0.0000 
0.0750 0.0831 0.0665 0.1182 0.0479 0.0514 0.0115 0.0154 0.4370 0.0728 0.0329 0.0000 0.0000 
0.0447 0.0321 0.0532 0.0740 0.0454 0.0690 0.0000 0.0154 0.4267 0.0503 0.0095 0.0200 0.0000 
0.0496 0.0450 0.0190 0.0622 0.1411 0.0608 0.0021 0.1441 0.2582 0.0185 0.0053 0.0069 0.0000 
0.0665 0.0577 0.0643 0.0612 0.1554 0.1303 0.0000 0.5101 0.0000 0.0268 0.0000 0.0000 0.0000 
0.0909 0.1309 0.1326 0.1370 0.0491 0.2175 0.0042 0.0128 0.6616 0.1721 0.0361 0.0233 0.0000 
0.0421 0.0280 0.0541 0.0636 0.0343 0.0637 0.0043 0.2625 0.0246 0.0210 0.0208 0.0109 0.0000 
0.5629 0.2030 0.0669 0.0930 0.0141 0.1333 0.0048 0.0095 0.4815 0.2546 0.0106 0.0250 0.0000 
0.1028 0.0265 0.0510 0.1531 0.1357 0.0758 0.0094 0.4277 0.0268 0.0502 0.0230 0.0000 0.0000 
« 
Appendix III 81 
Table 3.3 Log-transformed values of the sum of relative abundance ofall peaks in 
each 1 minute-interval. 
sample SA1 SA2 SA3 SA4 SA5 SA6 SA7 SA8 SA9 SA10 SA11 SA12 SA13 SA14 SA15 SA16 
no 
1 0.0000 0.0000 1.0415 0.4370 0.7633 0.5947 0.5967 0.4320 0.4589 0.5847 0.5218 0.7870 0.3330 0.5966 0.5580 1.0233 
2 0.0154 0.0000 0.9093 0.4777 0.8984 0.0782 0.0780 0.2511 0.3217 0.3273 0.3775 0.2451 0.4047 0.3823 0.3069 0.4901 
3 0.0000 0.0282 1.0320 1.0842 1.3169 0.0797 0.2058 0.3620 0.2714 0.0337 0.2710 0.0000 0.6024 0.6872 0.5626 0.7163 
4 0.0000 0.0154 1.2290 0.6713 0.8018 0.0810 0.1702 0.3896 0.1785 0.1200 0.0995 0.0748 0.4659 0.1687 0.1918 0.5162 
5 0.0000 0.0083 0.9284 0.5735 0.8068 0.0557 0.1153 0.3556 0.0477 0.0642 0.0914 0.1024 0.3379 0.1185 0.1780 0.2657 
6 0.0000 0.0614 1.0559 0.5188 1.2151 0.0440 0.1123 0.4496 0.1484 0.1630 0.1697 0.2886 0.1660 0.1716 0.0909 0.3522 
7 0.0502 0.0481 1.1821 0.0000 0.6744 0.0607 0.0455 0.3325 0.0532 0.0978 0.0619 0.0559 0.4949 0.1541 0.2142 0.4392 
8 0.0348 0.0000 1.4465 0.8641 1.0665 0.1446 0.1620 0.3400 0.2513 0.3238 1.0221 0.1468 0.9601 0.3080 0.0638 0.4116 
9 0.0085 0.0000 1.2029 0.6484 0.9964 0.0215 0.2229 0.7591 0.2062 0.0626 0.3086 0.0419 0.2497 0.0927 0.2829 0.2872 
10 0.0073 0.0000 1.1392 0.0000 0.9077 0.1644 0.0609 0.6853 0.3691 0.1138 0.1066 0.4406 0.3854 0.2380 0.2586 0.4192 
11 0.0108 0.0000 0.9466 0.0000 0.7068 0.0389 0.3339 0.3571 0.4801 0.0896 0.1246 0.0484 0.7089 0.3589 0.2114 0.3742 
12 0.0581 0.0000 1.2728 0.0102 0.8066 0.0474 0.0596 0.3404 0.3188 0.7487 1.4287 0.0268 0.7590 0.6489 0.1156 0.0836 
13 0.0069 0.0000 0.8352 0.0000 0.9968 0.1605 0.0546 0.2325 0.0380 0.0619 0.0569 0.0608 0.2002 0.0699 0.0520 0.2836 
14 0.0251 0.0000 1.1562 0.0000 1.0345 0.1660 0.0863 0.3509 0.0827 0.0425 0.0817 0.0025 0.8379 0.2021 0.3877 0.4394 
15 0.0000 0.0269 0.9025 0.5444 1.0102 0.1281 0.0531 0.1423 0.0611 0.1278 0.1014 0.0140 0.6898 0.2400 0.4522 0.4728 
16 0.0000 0.0329 0.9742 0.7323 0.7097 0.1172 0.0913 0.1853 0.1197 0.1926 0.1187 0.0000 0.6642 0.1438 0.1732 0.2170 
17 0.0000 0.0166 0.8664 0.6811 1.1417 0.1549 0.0818 0.2173 0.3682 0.1820 0.2262 0.0290 0.5367 0.1168 0.2592 0.3486 
18 0.0000 0.0280 0.4985 0.6614 0.4476 0.4485 0.3020 0.3792 0.3406 0.6429 0.4480 0.2545 0.0000 0.8516 0.3867 0.5177 
19 0.0000 0.0261 0.8132 0.4232 0.8939 0.1349 0.0466 0.1970 0.0912 0.0112 0.0582 0.0169 0.2616 0.0975 0.1507 0.1808 
20 0.0000 0.0212 0.5189 0.6052 0.3780 0.5789 0.3232 0.4994 0.4110 0.3587 0.3714 0.0000 0.6199 0.4478 0.3228 0.4773 
21 0.0000 0.0455 1.2692 0.6518 0.8642 0.0908 0.2678 0.1424 0.5513 0.0442 0.1412 0.7600 0.0233 0.1104 0.3361 0.3464 
22 0.0529 0.0000 1.2857 0.0000 0.8388 0.0606 0.1792 0.1413 0.4568 0.0438 0.1567 0.7422 0.0115 0.0954 0.1511 0.3116 
23 0.0311 0.0000 1.3777 0.0000 0.9181 0.0000 0.2814 0.2360 0.3846 0.0741 0.1129 0.5199 0.3507 0.2251 0.0375 0.3537 
24 0.0000 0.0000 1.1137 0.0000 0.9487 0.0671 0.1603 0.3285 0.1537 0.0457 0.4715 0.1809 0.3500 0.5548 0.4311 0.4706 
25 0.0027 0.0000 1.1908 0.0000 0.9985 0.1556 0.0593 0.1973 0.2120 0.1632 0.6413 0.1530 0.5287 0.2193 0.3993 0.4440 
26 0.0058 0.0051 1.1857 0.0000 1.0192 0.0818 0.1675 0.0996 0.2235 0.0667 0.1108 0.0262 0.7002 0.3245 0.4438 0.4721 
27 0.0166 0.0000 1.2768 0.0000 0.7305 0.1205 0.1819 0.1370 0.4401 0.1126 0.2360 0.2903 0.5586 0.2007 0.2992 0.3327 
28 0.0000 0.0221 1.4236 0.0000 0.8839 0.1841 0.2155 0.1988 0.3463 0.1728 0.3114 0.1343 0.7570 0.2481 0.3090 0.5078 
29 0.0000 0.0314 0.9692 1.0157 0.7410 0.0597 0.1686 0.2751 0.1395 0.3383 0.2445 0.1477 0.6182 0.7465 0.1960 0.6190 
30 0.0000 0.0307 1.2170 0.7045 0.8300 0.1498 0.1199 0.1566 0.2612 0.0812 0.0994 0.2714 0.5641 0.2149 0.0952 0.2755 
31 0.0000 0.0197 1.3014 0.0000 0.7659 0.0377 0.2327 0.0284 0.4006 0.1981 0.0909 0.1129 0.4967 0.1371 0.1076 0.2424 
32 0.0000 0.0508 1.1295 0.6066 0.8519 0.0164 0.1141 0.2314 0.1096 0.0506 0.1985 0.1085 0.3576 0.6084 0.4958 0.6705 
33 0.0000 0.0174 1.2118 1.2111 0.9427 0.6992 0.6511 0.5871 0.5970 0.3059 0.6222 0.0510 0.4014 0.3722 0.4182 0.5660 
34 0.0000 0.0573 1.1304 1.1044 1.1076 0.1706 0.5882 0.5179 0.8494 0.4188 0.3415 0.6540 0.5703 0.6447 0.3700 0.7505 
35 0.0000 0.0615 1.5761 1.2233 1.1655 0.8505 0.7834 0.8347 0.7982 0.3469 0.2035 0.2672 0.3446 0.2693 0.0701 0.1167 
36 0.0000 0.0827 1.2462 0.9968 1.1152 0.1765 0.3785 0.6414 0.7048 0.3735 0.6164 0.0000 1.4385 0.0000 0.3900 0.5624 
37 0.0000 0.0396 0.6601 0.8006 0.8613 0.0653 0.0939 0.1802 0.1805 0.3097 0.1671 0.0053 0.2776 0.3418 0.2245 0.4562 
38 0.0000 0.0201 0.7604 0.3422 0.8459 0.0284 0.0237 0.1595 0.0570 0.0654 0.0310 0.0149 0.4967 0.2761 0.3219 0.3938 
39 0.0000 0.0128 0.9349 0.4675 0.6482 0.0589 0.1312 0.3503 0.2368 0.2306 0.1739 0.0701 0.5948 0.2135 0.2677 0.3885 
40 0.0000 0.0387 1.0764 0.6378 0.7926 0.0835 0.5403 0.5060 0.1562 0.2318 0.2868 0.1970 0.4191 0.4885 0.3917 0.4806 
41 0.0000 0.0136 0.7542 0.3505 0.5271 0.3144 0.2256 0.5010 0.2523 0.4491 0.3178 0.1188 0.5130 0.4394 0.3731 0.5150 
42 0.0108 0.0171 1.0344 0.0000 1.0056 0.0643 0.0559 0.4371 0.1676 0.0422 0.4804 0.3546 0.3786 0.2283 0.2401 0.4925 
43 0.0000 0.0000 0.9433 0.6123 0.6184 0.0840 0.0756 0.3796 0.1317 0.0531 0.4514 0.0060 0.0546 0.2770 0.1981 0.4078 
44 0.0000 0.0069 0.9124 0.8685 0.7416 0.3777 0.5193 0.4455 0.4419 0.4841 0.4599 0.1593 0.7648 0.5438 0.4478 0.5213 
45 0.0065 0.0000 1.1209 0.0000 1.1306 0.0836 0.1915 0.3388 0.0831 0.0978 0.4440 0.4747 0.6230 0.5663 0.3826 0.6146 
46 0.0000 0.0232 1.2437 0.6965 0.8307 0.0304 0.2369 0.4588 0.5905 0.0132 0.8980 0.0677 0.3979 0.4150 0.1470 0.3064 
47 0.0000 0.0186 0.9350 0.5126 0.9399 0.0560 0.1718 0.0638 0.6139 0.4046 0.4455 0.3088 0.5133 0.7195 0.3435 0.6237 
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•SA17 SA18 SAS19 SA20 SA21 SA22 SA23 SA24 SA25 SA26 SA27 SA28 SA29 SA30 SA31 SA32 
0.0271 0.5048 0.6262 0.7352 0.2669 0.3058 0.6590 1.0448 0.3340 0.6153 0.3772 0.3113 0.2184 0.2729 0.7166 0.0078 
0.5107 0.4805 0.3244 0.2532 0.0986 0.0337 1.0516 1.4336 0.0852 1.1181 0.5731 0.0046 0.2980 0.1072 0.2394 0.2146 
0.3383 0.6049 0.4340 0.3689 0.3093 0.3358 0.5870 0.4055 0.1875 0.7123 0.2412 0.0000 0.4449 0.1728 0.5280 0.0459 
0.2471 0.7196 0.2078 0.1885 0.1858 0.1182 0.5650 1.2610 0.0276 0.6796 0.2176 0.1535 0.6774 0.2500 0.6424 0.0381 
0.3754 0.4944 0.2984 0.1901 0.1774 0.0959 0.9353 1.6146 0.1266 0.9364 0.3249 0.1966 0.3872 0.0395 0.3342 0.0385 
0.3473 0.6520 0.2312 0.1962 0.1944 0.0931 0.8892 1.2178 0.1064 1.0331 0.1925 0.0300 0.5730 0.0436 0.6082 0.0286 
0.4493 0.5040 0.2414 0.2157 0.1668 0.1077 0.9068 1.4564 0.1332 1.0605 0.7315 0.0000 0.6781 0.5100 0.4518 0.0175 
0.5868 0.7610 0.5424 0.9872 0.3960 0.1890 0.1965 0.1053 0.0380 0.0665 0.0347 0.3069 0.2558 0.4741 0.1454 0.0271 
0.5714 0.5376 0.3203 0.4754 0.4943 0.0993 0.9262 1.3548 0.0748 1.3040 0.0483 0.1394 0.0328 0.0255 0.2091 0.0447 
0.3243 0.6186 0.2793 0.3894 0.3047 0.5947 0.9329 1.0421 0.3582 1.4814 0.3857 0.1798 0.3054 0.0403 0.0775 0.2047 
0.4922 0.3713 0.4863 0.1763 0.3233 0.0380 1.4222 1.0693 0.3346 1.2626 0.3650 0.0406 0.1444 0.4424 0.2806 0.3097 
0.3017 0.5135 0.6467 0.7941 0.3824 0.1607 0.3276 0.4400 0.0297 0.4117 0.3789 0.0000 0.0000 0.9717 0.0000 0.1360 
0.4398 0.2726 0.2824 0.2405 0.1734 1.4263 0.2719 1.4614 0.0000 0.9858 0.0253 0.0043 0.1214 0.0777 0.0680 0.3181 
0.5039 0.3752 0.3451 0.2905 0.1282 0.0836 0.9365 1.4531 0.0802 1.1360 0.5939 0.0235 0.0485 0.1958 0.1170 0.2170 
0.5336 0.4401 0.3991 0.4601 0.3145 0.3544 0.9567 1.4086 0.0906 1.0721 0.7449 0.0950 0.3457 0.2637 0.1974 0.3146 
0.4707 0.3544 0.2882 0.2476 0.1376 0.1780 1.0212 1.5167 0.1009 1.1904 0.8415 0.0120 0.1139 0.1265 0.2315 0.0318 
0.3592 0.2801 0.4400 0.3514 0.1942 0.1306 0.9443 1.4998 0.1154 1.2751 0.2076 0.1226 0.0670 0.1221 0.2278 0.0431 
0.5034 0.4339 0.4893 0.5328 0.4045 0.2641 0.8271 1.1524 0.1024 1.4944 0.1877 0.4548 0.0411 0.0680 0.0802 0.2314 
0.6051 0.6022 0.1274 0.1140 0.0749 0.0513 0.4923 1.7063 0.0124 0.6006 0.0544 0.1783 0.7708 0.2476 0.0480 0.2416 
0.5619 0.4399 0.5431 0.3522 0.4263 0.3519 0.8235 1.1280 0.1313 1.4727 0.7906 0.2775 0.5725 0.1752 0.1707 0.2459 
0.4768 0.4393 0.2565 0.2289 0.2809 0.1993 1.1097 0.7154 0.3969 1.2582 0.7445 0.0185 0.6001 0.0489 0.3212 0.0704 
0.4072 0.3641 0.2032 0.1512 0.2399 0.1855 1.1245 0.7981 0.5252 1.2753 0.7916 0.0115 0.6542 0.3320 0.4238 0.1670 
0.3682 0.3940 0.1267 0.2333 0.1783 0.2806 0.9492 0.6139 0.3982 1.2789 0.4373 0.0061 0.5461 0.6994 0.6538 0.2416 
0.6429 0.4942 0.3961 0.3703 0.4302 0.1727 1.2176 0.9875 0.4329 1.2248 0.7020 0.2297 0.2526 0.2011 0.1778 0.3275 
0.4807 0.4020 0.4268 0.5327 0.1882 0.1049 0.6405 1.5710 0.0389 0.8124 0.2021 0.0277 0.1363 0.3836 0.3006 0.2809 
0.5043 0.4866 0.2555 0.3315 0.3530 0.3607 1.0132 0.7365 0.5105 1.2169 0.8018 0.1921 0.6599 0.3118 0.5251 0.0776 
0.4271 0.4299 0.1887 0.1607 0.2145 0.1919 1.0506 0.8066 0.5448 1.3215 0.8551 0.1090 0.6326 0.4415 0.5021 0.0000 
0.4602 0.3744 0.1755 0.1421 0.2060 0.3089 0.9989 0.7295 0.4028 1.2380 0.4106 0.0000 0.6458 0.2028 0.3764 0.0185 
0.5404 0.4198 0.2648 0.2672 0.2667 0.2754 1.0842 0.6502 0.4381 1.3428 0.4916 0.0906 0.8614 0.0092 0.2954 0.1368 
0.3621 0.3498 0.2016 0.1477 0.2114 0.2709 1.0486 0.7179 0.4680 1.3162 0.7573 0.1753 0.7677 0.0301 0.5548 0.0037 
0.3453 0.2651 0.1221 0.1412 0.1639 0.0844 1.0772 0.9173 0.6523 1.2358 1.1136 0.0712 0.6306 0.2041 0.3461 0.0000 
0.4522 0.8971 0.0668 0.3345 0.2268 0.3916 1.0000 0.6720 0.3095 1.3805 0.0000 0.0312 0.6772 0.0129 0.4006 0.1286 
0.4857 0.7912 0.3037 0.3268 0.2934 0.0273 0.1460 1.1984 0.0066 0.3142 0.0860 0.6672 0.1287 0.0879 0.1255 0.0454 
0.4780 0.7833 0.4747 0.4419 0.3988 0.2190 0.4493 0.8339 0.0122 0.5103 0.1822 0.1078 0.2541 0.2169 0.0790 0.2076 
0.2849 0.4177 0.0646 0.0132 0.1259 0.0206 0.0574 0.0817 0.0081 0.0763 0.0000 0.1142 0.0818 0.0096 0.0730 0.0243 
0.7104 0.4157 0.3773 0.2819 0.4901 0.2206 0.2248 0.3034 0.0881 0.2494 0.1571 0.2978 0.2796 0.1184 0.0434 0.0553 
0.5148 0.5391 0.1802 0.1940 0.1777 0.0553 1.0889 1.4697 0.1416 1.1274 0.8853 0.1156 0.3078 0.2692 0.3355 0.0657 
0.4510 0.2446 0.3663 0.4945 0.3379 0.3291 0.4861 1.3934 0.0334 0.4884 0.0849 0.0946 0.1621 0.1510 0.3522 0.7960 
0.4742 0.3714 0.3826 0.2704 0.2474 0.0883 0.9399 1.5300 0.1420 1.1183 0.2948 0.0000 0.1546 0.7814 0.2272 0.3335 
0.6434 0.5974 0.4701 0.5254 0.3459 0.1663 0.6789 1.5580 0.0482 0.8527 0.1304 0.0710 0.2158 0.3781 0.2298 0.3525 
0.4664 0.4791 0.5950 0.5069 0.1529 0.4274 0.8889 1.6191 0.0719 1.0861 0.4049 0.0454 0.0904 0.0652 0.0810 0.2603 
0.5951 0.6490 0.3103 0.3910 0.3166 0.2385 1.1439 1.1989 0.0660 1.3400 0.7312 0.1841 0.3805 0.2524 0.1005 0.1574 
0.3411 0.7550 0.1976 0.2163 0.2726 0.0492 1.2417 1.2114 0.5333 1.4916 0.2671 0.2722 0.0263 0.0149 0.1276 0.0492 
0.5757 0.4479 0.5457 0.3126 0.4990 0.2463 1.0306 1.2097 0.1372 1.1486 0.0963 0.0280 0.1405 0.1042 0.4267 0.0410 
0.6556 0.5846 0.5032 0.4610 0.4694 0.4997 1.2698 0.7547 0.2521 1.2782 0.1162 0.0181 0.0703 0.0623 0.0660 0.1490 
0.5988 0.3705 0.3454 0.3633 0.5667 0.3571 1.0276 1.0166 0.1833 1.1075 0.0568 0.7778 0.0651 0.2192 0.1019 0.1797 
0.6466 0.6048 0.4164 0.3472 0.4097 0.4426 1.2609 0.8625 0.2993 1.3087 0.3679 0.0944 0.1739 0.1408 0.1366 0.0463 
* 
Appendix III 83 
SA33 SA34 SA35 SA36 SA37 SA38 SA39 SA40 SA41 SA42 SA43 SA44 SA45 
02794 0 1965 0 1574 0.1838 0.2936 0.2191 0.0491 0.7549 0.1456 0.0536 0.0537 ).0000 0.0000 
0 1266 0 1990 0.0856 0.1011 0.1802 0.3398 0.0096 0.0331 0.9518 0.1529 0.0388 0.0050 0.0000 
03050 0 3774 0.3703 0.3570 0.3233 0.6003 0.0497 0.9235 0.1064 0.1149 0.1117 0.0293 0.0000 
0 3792 0 3466 0 3095 0 1732 0.4156 0.4139 0.0157 1.2473 0.4811 0.0689 0.0467 0.0473 0.0000 
0 1971 0 1054 0 0326 0 0753 0.1197 0.1962 0.0122 1.0503 0.1899 0.0676 0.0030 0.0053 0.0000 
0 2671 0 1187 0 1102 0.2303 0.2974 0.4891 0.0243 1.1389 0.1964 0.1401 0.0210 0.0255 0.0000 
0 1171 0 1455 0 1497 0 2422 0.2324 0.1989 0.0102 0.8706 0.0852 0.0442 0.1294 0.2061 0.0000 
0 0658 0 0000 0 1857 0.0649 0.0187 0.0224 0.0668 0.1657 0.1716 0.0924 0.2809 0.4332 0.0000 
0 0386 0 0514 0 0378 0 0496 0.0302 0.0329 0.0065 0.0414 0.2246 0.0743 0.0837 0.0996 0.0000 
0 0910 0 1512 0 1195 0.1513 0.1038 0.2663 0.0168 0.1557 0.2415 0.2505 0.1152 0.0000 0.0000 
0 1958 0 0580 0 0777 0 1290 0.0851 0.2998 0.0128 0.7427 0.0000 0.2825 0.0055 0.0364 0.0000 
0 1474 0 0597 0 0705 0 1475 0.1476 0.0521 0.0191 0.0438 0.4234 0.2198 0.1446 0.4721 0.0000 
0 1498 0 0681 0 0369 0.0750 0.0648 0.5048 0.0114 0.0077 0.9713 0.0164 0.0517 0.0051 0.0000 
0 1716 0 1339 0 0807 0.0805 0.1258 0.1895 0.0294 0.6382 0.0614 0.0219 0.0180 0.0000 0.0186 
0 2441 0 2002 0 1492 0.1281 0.1317 0.2220 0.0000 0.8106 0.0000 0.1526 0.0063 0.0066 0.0000 
0 1508 0 1493 0 1363 0 0525 0.0572 0.1724 0.0000 0.6996 0.0808 0.0317 0.0000 0.0000 0.0000 
00759 0 1400 0 1593 0 0620 0.0544 0.0803 0.0072 0.4136 0.0652 0.0319 0.0000 0.0049 0.0071 
03548 03139 0 1726 0.1583 0.1576 0.2135 0.0106 0.5865 0.0145 0.0451 0.0012 0.0160 0.0115 
0 1906 0 0501 0 1091 0.0694 0.2499 0.2115 0.0148 1.0477 0.0000 0.1796 0.0243 0.0098 0.0000 
03062 0 2858 02132 0.2555 0.1671 0.1378 0.0662 0.3778 0.0098 0.0314 0.0074 0.0964 0.0000 
0 1433 0 5874 0 6167 0.1125 0.1520 0.2154 0.0000 0.0479 0.3753 0.1053 0.2012 0.0000 0.0000 
0 1762 0 6054 0 5900 0.1191 0.1863 0.2808 0.0039 0.4631 0.0000 0.1773 0.1477 0.0000 0.0000 
0 2593 05161 0 4971 0 3145 0.2516 0.1953 0.0000 0.4443 0.0000 0.4313 0.1833 0.2263 0.0000 
02986 0 2084 0 1623 0.1554 0.1224 0.2510 0.0140 0.6632 0.1795 0.0449 0.0119 0.0092 0.0000 
0 1618 0 0930 0 0781 0.0881 0.0768 0.0871 0.0024 0.7337 0.0586 0.0105 0.0053 0.0103 0.0000 
0 2695 0 5976 0 6567 0 0701 0.2536 0.3052 0.0100 0.4097 0.1555 0.1161 0.0840 0.0056 0.0000 
00802 0 9460 0 0065 0.0459 0.1091 0.0781 0.0069 0.1816 0.0026 0.2301 0.0553 0.0093 0.0000 
0 1087 0 4590 0 4435 0.1261 0.1843 0.2929 0.0000 0.5502 0.1638 0.1155 0.2608 0.1108 0.0000 
0 0844 0 5565 0 4999 0 0709 0.0997 0.1257 0.0208 0.1714 0.1274 0.0307 0.0612 0.1272 0.0000 
02134 0 6136 0 6811 0.1295 0.1758 0.2267 0.0115 0.4519 0.1598 0.1349 0.2294 0.2054 0.0000 
0 1175 0 6324 0 7070 0.0297 0.1243 0.1478 0.0186 0.3165 0.1714 0.0426 0.0639 0.0443 0.0000 
0 2855 0 1815 0 1333 0 2435 0.4849 0.3877 0.0159 0.6575 0.0488 0.0861 0.3157 0.0269 0.0000 
0 1685 0 1215 0 0961 0.1054 0.0818 0.0609 0.0067 0.5277 0.2967 0.0272 0.0571 0.0125 0.0000 
0 2500 0 1393 0 1563 0.1963 0.1499 0.0186 0.0505 0.0619 0.6386 0.0525 0.2354 0.2131 0.0000 
0 1515 0 1172 0 1781 0 0120 0.0555 0.0000 0.0079 0.0626 0.0276 0.0601 0.0000 0.0296 0.0000 
00475 0 0849 02191 0 0299 0.0000 0.0042 0.0175 0.0000 0.0568 0.0810 0.0000 0.0000 0.0000 
0 1462 0 1014 0 0168 0.0566 0.1682 0.2963 0.0077 0.0047 0.7936 0.1344 0.0182 0.0053 0.0000 
0 2903 0 2722 03113 0.2367 0.3115 0.3829 0.0022 0.0663 1.4970 0.1521 0.0185 0.0698 0.0000 
0 1915 0 1366 0 1079 0 4219 0.0479 0.1970 0.0111 0.0309 0.7962 0.1162 0.0245 0.0106 0.0000 
0 1228 0 0831 0 1077 0.1182 0.0540 0.0514 0.0115 0.0154 0.4423 0.1457 0.0329 0.0000 0.0000 
0 0633 0 0571 0 1001 0 1016 0.0553 0.0902 0.0000 0.0293 0.4267 0.0646 0.0095 0.0200 0.0000 
0 0911 0 0746 0 0190 0.1097 0.1662 0.0929 0.0021 0.1710 0.2605 0.0352 0.0053 0.0069 0.0000 
0 0892 0 0577 0 0713 0 0664 0.1973 0.1843^ 0.0000 0.5168 0.0000 0.0268 0.0000 0.0000 0.0000 
0 1303 0 1309 0 1326 0 1370 0.0739 0.2197 0.0042 0.0128 0.6616 0.2094 0.0361 0.0233 0.0000 
00535 0 0280 0 0541 0.0636 0.0343 0.0762 0.0043 0.2696 0.0246 0.0210 0.0208 0.0109 0.0000 
0 5646 0 2773 0 0669 0 0968 0.0181 0.1776 0.0048 0.0095 0.4829 0.2673 0.0196 0.0250 0.0000 
0.1205 0.0560 0.0765 0.1531 0.1456 0.0862 0.0146 0.4446 0.0323 0.0502 0.0310 0.0000 0.0000 

f 
CUHK Libraries 
mmmui 
,D0370M3D7 
